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SUMMARY 


Under  Contract  No.  DAAK11-81-C-0014  to  the  U.  S.  Army  Toxic  and  Hazardous 
Materials  Agency,  Arthur  D.  Little,  Inc.  has  developed  sampling  protocols 
for  the  determination  of  explosives/explosive  residues  on  building  materials 
surfaces.  The  Army's  need  for  this  sampling  and  analysis  capability  has 
arisen  in  connection  with  the  release  of  surplus  government  property  (e.g. , 
former  ammunition  plants)  and  the  specified  requirement  that  as  part  of 
these  release  programs,  a  determination  be  made  as  to  whether  the  property 
can  be  released  for  unrestricted  use.  In  the  case  of  buildings  known  or 
suspected  to  have  been  contaminated  with  explosives,  the  Army  is  seeking 
for  this  purpose  sampling  and  analytical  procedures  which  would  permit: 

(1)  rapid  qualitative  determination  with  90%  confidence  of  the  presence/ 
absence  of  the  compounds  of  interest  down  to  a  level  of  5  ug/10  cm2  in  a 
given  building,  and  (2)  if  any  of  these  compounds  is  detected,  precise, 
accurate  quantitative  determination  of  the  amount  of  contamination  down 
to  the  same  5  ug/10  cm2  level. 

"This  study  resulted  in  the  development  of  several  methods  for  the  sampling 
and  analysis  of  explosives/explosive  residues  on  building  materials  sur¬ 
faces.  A  method  for  qualitative  determination  based  on  detection  of 
charge-transfer  complexes  formed  between  the  explosive/explosive  residue 
and  a  visualization  reagent  applied  to  the  surface  has  been  evaluated  in 
the  field  at  two  Array  Ammunition  Plants.  A  method  for  quantitative 
determination  based  on  solvent  extraction  of  samples  collected  in  the 
field  followed  by  high  pressure  liquid  chromatographic  analysis  has  been 
evaluated  on  samples  prepared  in  the  laboratory,  and  found  to  give 
promising  results.  The  theoretical  and  practical  feasibility  of  another 
method  for  qualitative  determination  based  on  UV  irradiation  of  a  suspected 
contaminated  surface  with  subsequent  detection  of  any  explosives/explosive 
residues  present  has  been  demonstrated.  This  approach  may  provide  the 
means  for  "scanning"  an  area  to  determine  whether  explosives  are  present 
on  a  real-time  basis.  Further  development  of  this  approach  is  recommended. 
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I.  INTRODUCTION 


Under  Contract  No.  DAAK11-81-C-0014  to  the  U.S.  Army  Toxic  and  Hazardous 
Materials  Agency,  Arthur  D.  Little,  Inc.  has  developed  sampling  protocols 
for  the  determination  of  explosive  s/explosive  residues  on  building 
materials  surfaces.  The  Army's  need  for  this  sampling  and  analysis  capability 
has  arisen  in  connection  with  the  release  of  surplus  government  property 
(e.g.,  former  ammunition  plants)  and  the  specified  requirement  that  as  part 
of  these  release  programs,  a  determination  be  made  as  to  whether  the  property 
can  be  released  for  unrestricted  use.  In  the  case  of  buildings  known  or 
suspected  to  have  been  contaminated  with  explosives,  the  Army  is  seeking 
for  this  purpose  sampling  and  analytical  procedures  which  would  permit: 

(1)  rapid  qualitative  determination  with  90%  confidence  of  the  presence/ 
absence  of  the  compounds  of  interest  down  to  a  level  of  5  ug/10  cm^  in  a 
given  building,  and  (2)  if  any  of  these  compounds  is  detected,  precise, 
accurate  quantitat ive  determination  of  the  amount  of  contamination  down  to 
the  same  5  ug/10  ctni^  level. 

The  specific  compounds  and  surface  types  of  interest  were  the  following: 

Compounds 

1.  2,4,6-trinitrotoluene  (TNT) 

2.  2,4-  and  2,6-dinitrotoluene 

3.  Cyclotrimethylenetr initramine  (RDX) 

4.  Pentaerythrite  tetranitrate  (PENT) 

5.  Nitroglycerine 

6.  2,4,6-trinitrophynylmethylnitramine  (Tetryl) 

7.  Diphenylamine 

8.  1,3,5-trinitrobenzene 

9.  2,4-dinitrophenol 

10.  Cd 

11.  Pb 

12.  Hg 

13.  Cr-H 

14 .  Cr+6 

Surface  Types 

1.  Concrete — unpainted 

2.  Brick — glazed  and  unglazed 

3.  Transite 

4 .  Wood 

5.  Metal 

6.  Conducting  non-sparking  floor 

The  approach  that  was  taken  to  the  development  of  these  sampling  protocols 
involved  the  following  steps: 

A.  Literature  Search 

B.  Sampling  Protocol  Selection 

C.  Analytical  Method  Selection/Development 

D.  Certification  Testing 

E.  Development  of  a  Spike  and  Recovery  Test  Plan 

F.  Spike  and  Recovery  Testing 

G.  Interference  Testing 
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The  Literature  Search  provided  an  overview  of  existing  sampling  and 
analysis  methods.  The  results  of  the  literature  search  suggested  that 
most  existing  methods  would  not  satisfy  the  Army's  requirements  as  stated 
above.  Thus,  in  the  Sampling  Protocol  Selection  step,  several  approaches 
based  on  technology  developed  for  applications  other  than  explosives 
analysis  were  proposed  for  further  development.  Those  approaches  involved 
methods  intended  specifically  for  qualitative  analysis,  and  a  method 
intended  specifically  for  quantitative  analysis  of  explosives/explosive 
residues  on  surfaces. 

Development  of  the  quantitative  analysis  method  proceeded  with  an  Analy¬ 
tical  Method  Select ion/Dovelopment  step,  in  which  advantage  was  taken 
of  the  fact  that  several  methods  for  the  dtermination  of  explosives 
were  present  in  the  USATHAiL'  data  base.  These  methods  were  modified  as 
necessary  to  permit  their  application  to  the  present  study,  and  the 
precision  and  accuracy  for  each  of  the  resulting  methods  were  assessed 
in  preliminary  Certification  Testing  (semiquantitative) . 

Subsequent  to  approval  by  the  Technical  Project  Officer  of  a  Spike  and 
Recovery  Test  Plan,  methods  for  each  analyte  on  each  surface  type  were 
evaluated  by  Spike  and  Recovery  Testing.  Finally,  methods  were  subjected 
to  Quantitative  Certification  Testing  according  to  the  requirements  in 
the  1980  USATHAMA  QA  Plan.  Since  most  of  the  analytes  are  determined  in 
a  single  extract,  the  i.aed  for  Interference  Testing  in  the  laboratory  was 
largely  eliminated,  interferences  from  other  sources  which  may  be  present 
in  samples  collected  in  the  field  were  not  addressed  in  this  study. 

This  study  resulted  in  the  development  of  several  methods  for  the  sampling 
and  analysis  of  explosive 3/ explosive  residues  on  building  materials  sur¬ 
faces.  A  method  for  qualitative  determination  based  on  detection  of 
charge-transfer  complexes  formed  between  the  explosive/explosive  residue 
and  a  visualisation  reagent  applied  to  the  surface  has  been  evaluated  in 
the  field  at  two  army  ammunition  plants.  A  method  for  quantitative 
determination  based  on  solvent  extraction  of  samples  collected  in  the 
field  followed  by  high  pressure  liquid  chromatographic  analysis  has  been 
evaluated  on  samples  prepared  in  the  laboratory,  and  found  to  give  pro¬ 
mising  results.  The  theoretical  and  practical  feasibility  of  another 
method  for  qualitative  determination  based  on  UV  irradiation  of  a  suspected 
contaminated  surface  with  subsequent  detection  of  any  explosives /explosive 
residues  present  has  been  demonstrated.  This  approach  may  provide  the 
means  for  "scanning"  an  area  to  determine  whether  explosives  are  present 
on  a  real-time  basis.  Further  development  of  this  approach  is  recommended. 
No  methods  for  inorganic  species  which  would  represent  substantive 
improvement  over  existing  qualitative  and  quantitative  methods  were 
identified . 

Detailed  discussions  of  these  areas  of  investigation  are  presented  in 
the  remaining  sections  of  this  report. 
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II.  SAMPLING  AND  ANALYSIS  METHODS  SELECTION 


A.  INTRODUCTION: 

The  available  literature  on  the  sampling  and  chemical  analysis  of  ex¬ 
plosives/explosive  residues  was  reviewed  to  provide  an  overview  of 
existing  sampling  and  analysis  methods  prior  to  selection  of  specific 
approaches  for  further  development.  The  findings  of  that  review  are 
described  below. 

B.  LITERATURE  SEARCH: 

Work  was  initiated  by  conducting  a  literature  search  to  identify  exist¬ 
ing  sampling  and  analytical  methods  for  explosives  which  might  be 
applicable  to  the  particular  problem  of  detecting  and  determining  those 
same  materials  on  building  materials  surfaces. 

1 .  Approach . 

There  were  basically  two  problems  that  had  to  be  resolved  in  order  to 
develop  appropriate  strategies  for  the  computerized  literature  search¬ 
ings:  (1)  if  the  search  strategy  involved  the  fifteen  defined  analytes 

in  combination  with  the  defined  surfaces,  as  well  as  with  general  terms 
such  as  surface  sampling,  recovery,  sample  selection,  detection,  etc., 
the  search  results  were  nil;  and  (2)  if  the  search  strategy  involved 
the  use  of  such  general  terms  as  explosives,  ammunition,  and  dynamite, 
as  well  as  the  Chemical  Abstracts  Section  50  (Explosives  and  Propellants)  , 
combined  with  terms  such  as  analysis,  sampling,  recovery,  identification, 
determination,  etc.,  the  search  results  were  not  applicable  to  this  study. 

The  techniques  used  in  the  forensic  sciences  appeared  appropriate  for  the 
recovery  and  analysis  of  the  analytes  under  consideration;  therefore,  the 
search  strategy  that  yielded  the  most  relevant  citations  involved  the 
combination  of  the  Chemical  Abstracts  Forensic  Analysis  Subsection,  the 
Registry  Numbers  of  the  15  analytes,  and  the  terms  explosives,  dynamite, 
and  ammunition. 


2 .  Sources  and  Coverage. 

The  search  for  applicable  tecimiques  for  surface  sampling  for  explosives/ 
explosive  by-products  has  been  performed  on: 

Source  Coverage  Number  of  Citations 

Chemical  Abstracts  1967  -  present  164 


The  164  citations  were  reviewed  for  duplication  and  extraneous  material 
and  were  reduced  to  an  output  of  45  citations.  This  output  was  reviewed 
and  the  45  citations  for  document  retrieval. 
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In  addition  to  the  computerized  search  of  Chemical  Abstracts,  a  manual 
review  of  a  National  Technical  Information  Service  (NTIS)  bibliography 
with  abstracts,  entitled  Pollution  Caused  by  Ammunition  Manufacturing, 
was  undertaken.  Of  237  abstracts,  9  appeared  appropriate  for  review 
and  were  ordered. 

The  following  computerized  data  bases  were  also  searched: 

APTIC 

ENVIROLINE 

POLLUTION  ABSTRACTS 

SCISEARCH 

NTIS 

CRIS  (Current  Research  Information  Systems) 

SSIE  Current  Research 
CONFERENCE  PAPERS  INDEX 

3.  Resul ts . 

The  results  of  the  literature  search  xr&  summarized  in  Tables  II-l  through 
II— 4 .  Table  II-l  is  a  bibliography  of  useful  citations  including  (1) 
the  authors'  abstracts  or  brief  summaries  taken  directly  from  the  article, 
describing  th«  purpose  and  results  of  the  work  described  in  the  article, 
and  (2)  comments  describing  potential  applications  of  the  work  described 
in  each  article  to  this  study;  Table  II-2  lists  the  analytes  of  interest 
in  this  study  for  which  sampling  and/or  analysis  procedures  are  described 
in  each  article  with  detection  limits,  when  included  in  the  article, 
listed  under  the  respective  headings  in  the  table;  Table  II-3  lists  the 
analytical  methods  used  or  recommended  in  each  article  for  determination 
of  analytes  of  interest  in  this  study;  Table  II-4  lists  (1)  the  sampling 
procedures  used  or  recommended  in  each  article  for  analytes  of  interest 
in  this  study,  (2)  any  additional  sample  preparation  procedures  required 
subsequent  to  sampling  and  prior  to  analysis,  and  (3)  any  interferences 
described  in  the  article  with  the  sampling  and/or  analytical  procedures. 
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Slnha,  .I.K.;  HJara,  C.J.  Trojectllc  Metallic  trncea  are  expected  to  be  rotalne»l  in^i<!c  Spot  test  for  lead.  Cotton  swabs  moistrned 
Traces.  Int.  Crl*.  Police  Rev.  the  barrel  even  after  usual  cleaning.  Therefore,  with  252  acetic  acid  use»J  to  ohiatn  samples 
Series  150-151;  19/5.  the  metallic  traces  can  provide  valuable  help  In  from  gun  barrels. 

determining  whether  the  f trearm  had  ever  been  f i rod . 
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TABLE  11-2.  ANALYTES  DETERMINED  IN  LISTED  CITATIONS 
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SAMPLIKC  AND  SAMPLE  PREPARATION  PROCEDURES  DESCRIBED  IN  LISTED  CITATIONS  (CONTINUED) 


C.  REVIEW  OF  SPOT  TEST  CHARACTERISTICS: 


At  the  request  of  ch«  Technical  Project  Officer,  a  review  of  the  spot 
teste  used  for  detection  of  exploaives/exploaive  residues  was  carried 
out  concurrent  with  the  literature  search  to  determine  whether  those 
testa  could  be  used  for  in-aitu  detection  of  explosives  on  the  surface 
type*  of  Interest  in  this  study. 

Tables  JI-S  through  II-8  list  and  describe  selected  characteristics  of  spot 
testa  which  may  affect  their  suitability  for  uae  for  qualitative  analysis 
of  explealvea/exploslvo  raslduaa  on  the  surface  types  of  interest.  Tables  II-5 
and  11-6  list  spot  test  methods  and  characteristics  by  analyte.  Tables  II- 7 
and  1T-M  list  spot  cast  methods  by  reagents  used  in  the  respective  methods, 
and  list  and  describe  selected  properties  and  characteristics  which  may  be 
exhibited  by  those  reagents  when  used  under  the  conditions  specified  in 
the  method. 

To  evaluate  the  data  Included  in  these  cables,  we  defined  a  set  of  minimum 
criteria  which  a  spot  test  proposed  for  use  for  the  contemplated  qualitative 
analysis  should  satisfy.  Thee*  criteria  were:  (1)  the  spot  test  should 
permit  rapid  screening  of  large  areas;  (2)  it  should  be  sensitive  down  to  the 
agreed  upon  detection  limit  of  0.5  ug  of  analyte/cra^  under  various  surface 
conditions;  (3)  it  should  be  specific  for  the  analyte  of  interest;  (A)  It 
should  not  result  in  an  irreversible  chemical  reaction  which  would  make  the 
analyte  unavailable  for  subsequent  quantitative  tearing;  (5)  its  use  should 
not  pteeent  an  unusual  hazard  to  the  operator  due  to  the  toxicity,  flamma¬ 
bility,  or  other  hazardous  characteristics  of  reagents,  reaction  products, 

6>  Isac t loll  condition*,  and;  (6)  it  should  not  result  In  a  net  increase  in 
the  amount  of  conlsmJ  i.ition  present  in  and  on  the  surface  tested  and  should 
not  In  any  other  way  affect  Che  auitability  of  that  surface  for  any  projected 
future  use. 

The  overall  finding  of  this  evaluation  based  on  the  available  data  was  that 
there  la  no  single  spot  test  or  combination  of  a  few  such  tests  which  satisfies 
all  of  these  criteria.  Mora  significantly,  most  available  spot  tests 
typically  fall  totally  to  meat  one  or  more  of  these  criteria.  It  is  possible 
that  modification*  could  ba  made  to  available  tests  to  Improve  their 
performance  in  thie  regard.  However,  the  developmental  effort  required  for 
that  purpose  may  be  substantial,  and  it  ie  not  clear  that  improvement  in 
the  performance  of  a  given  spot  text  with  respect  to  one  criterion  would 
be  accompeuled  by  similar  improvamant  in  other  areas. 

In  summary,  our  vlaw  la  that  available  spot  tests  do  not  satisfy  minimum 
criteria  for  qualitative  snslyoia  of  explosives/explosive  residues  on 
building  material  surfaces.  V.'e  do  not  recommend  that  developmental  effort 
be  expended  on  spot  teat  methods  except  for  those  analytes  or  conditions 
for  which  no  more-  or  equally-promising  methods  can  be  identified  and 
d«  va loped . 
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Notes  cor  Cclorimetric  Spot  Test  Tables 
Literature  numbers: 

1  through  47  correspond  to  journal  articles  1  through  47  listed 
in  Table  II-l. 

F.  is  Feigl,  F.  and  Anger,  V.  Spot  Tests  in  Inorganic  Analysis, 

^  Elsevier  Publishing  Co.,  Amsterdam  (1972)  (6th  English  Edition). 

r2  is  Feigl,  F.  and  Anger,  V.  Spot  Tests  in  Organic  Analysis, 

Elsevier  Publishing  Co.,  Amsterdam  (1966)  (7th  English  Edition). 

(a)  is  Christensen,  H.E.  and  Luginbyhl,  T.T.  (eds)  Toxic  Substances 

List:  1974  Edition,  U.S.  Department  of  Health,  Education  and 
Welfare,  Public  Health  Service,  Center  for  Disease  Control, 
National  Institute  for  Occupational  Health  and  Safety, 

Rockville,  Maryland,  June  (1974)  . 

(b)  is  Sax,  I.N.  Dangerous  Properties  of  Industrial  Materials, 

Reinhold  Book  Corporation,  New  York  (1968) . 

(c)  is  International  Technical  Information  Institute  (ITI) 

Toxic  and  Hazardous:  Industrial  Chemicals  Safety  Manual, 

Tokyo  (1976) . 


Abbreviations: 


cat  -  cat 

dog  -  dog 

gpg  -  guinea  pig 

hum  -  human 

inn  -  inhalation 

ipr  -  intraperitoneal 

ivn  -  intravenous 

LD50  -  lowest  dose  50%  kill 

IDLo  -  lowest  published  lethal  dose 

LC50  -  lethal  concentration  50%  kill 

LDLo  -  lowest  published  lethal  concentration 

oky  -  monkey 

mu8  -  mouse 

orl  -  oral 

rat  -  rat 

rbt  -  rabbit 

scu  -  subcutaneous 

TVL  -  threshhold  limit  value;  the  concentration 

of  an  airborne  constituent  to  which  workers 

may  be  exposed  repeatedly  without  adverse  effects. 
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TABLE  11-5.  SPOT  TEST  METHODS  FOR  ORGANIC  ANALYTES 


TA5LE  I 1-5.  SPOT  TEST  METHODS  FOR  ORCANIC  ANALYTES  (CONTINUED) 


TABLE  1 1-5  -  SPOT  TEST  METHODS  FOR  ORGANIC  ANALYTES  (CONTINUED) 
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TAliLE  II--5.  SPOT  TEST  METHODS  FOR  ORGANIC  ANALYTES  (CONTINUED) 


TABLE  II-5 .  SPOT  TEST  METHODS  FOR  ORGANIC  ANALYTES  (CONTINUED) 


TABLE  I\-6.  REAGENTS  FOR  ORGANIC  ANALYTES 
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TABLE  I 1-6.  REACENTS  FOR  ORGANIC  ANALYTES  (CONTINUED) 


TABLE  II— 7 .  SPOT  TEST  METHODS  FOR  INORGANIC  ANALYTES 
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D.  FINDINGS  AND  CONCLUSIONS: 

Among  the  overall  findings  of  the  literature  search  and  spot  test  review 
are  the  following: 

•  The  literature  search  indicates  that  most  of  the  prior  work  in 
this  area  has  been  done  by  law  enforcement  agencies,  and  those 
agencies  have,  for  the  most  part,  concentrated  on  the  application 
of  spot  test  methods  for  the  detection  of  explosives:  quantitative 
determination  of  explosives  has  not  been  a  major  concern,  except 
to  the  extent  chat  these  investigators  have  attempted  to 
demonstrate  the  range  of  concentrations  to  which  their  qualitative 
detection  methods  could  be  applied.  The  Army,  also,  has  relied 
mainly  on  spot  test  methods  up  to  now  in  explosives  contamination 
assessment  work,  however,  as  noted  above,  available  spot  tests 

do  not  satisfy  minimum  criteria  for  qualitative  analysis  of 
explosives/explosive  residues  on  building  material  surfaces. 

•  Other  investigators  have  reported  explosives  determination 
techniques  involving  analytical  methods  ranging  in  sophistication 
from  visual  examination  of  residue  under  low  power  magnification 
to  mass  spectrometry,  including  in  between  almost  all  readily 
available  modern  analytical  techniques.  Sampling  for  quantitative 
analysis  remains  a  weak  spot.  Thus,  different  methods  for  qualitative 
and  quantitative  analysis  may  be  required  to  satisfy  the  Army's 
requirements. 

•  The  use  of  a  qualitative  survey  obviously  must  not  preclude  the  sub¬ 
sequent  use  of  a  quantitative  method  if  two  different  methods  are 
used  for  qualitative  and  quantitative  analysis,  application  of  the 
qualitative  method  should  not  result  in  the  destruction  or  loss  of 
analyte.  Many  of  the  methods  described  in  articles  collected  in 
the  literature  review  result  in  loss  or  destruction  of  analyte 

and  thus  may  not  be  applicable  to  the  present  problem. 

•  Recommended  sampling  and  analytical  methods  should  not  result  in 

a  net  increase  in  the  amount  of  contamination  through  the  applica¬ 
tion  of  toxic  or  hazardous  reagents  to  the  surface  to  be  tes,;ed, 
nor  should  they  present  any  other  hazard  to  the  operator.  Many 
of  the  materials  described  in  the  literature  review  require  the 
use  of  toxic  reagents  and  thus  for  this  reason  also  may  not  be 
applicable  to  the  present  problem. 

•  Surface  contamination  of  the  type  the  Array  is  concerned  with  is  most 
likely  to  have  resulted  from  spillage  or  dusting  of  solids  or  from 
spillage  of  process  liquors  or  liquid  wastes.  The  latter  situation 
presents  the  problem  of  sampling  compounds  which  may  have  penetrated 
into  porous  surfaces  such  as  wood  or  concrete.  Most  existing  methods 
do  not  address  this  issue. 
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E.  SAMPLING  PROTOCOL  SELECTION: 

Based  on  the  review  of  the  available  literature  and  discussions  with  the 
Technical  Project  Officer  and  other  persons  having  expertise  In  trace 
analysis  and  explosives  technology,  the  following  sampling  protocols 
were  identified  ss  candidates  for  developmental  testing: 


|F  1.  continuous  monitoring  of  organic  analyte  vapors  using  a 

portable  gas  chromatograph; 

2.  evaluation  of  existing  U.S.  Army  equipment  developed  for 
the  vapor  phase  detection  of  CW  agents; 

m  3.  in-situ  formation  of  charge-tranofer  complexes  with 

*"*  visual  Identification; 

4.  UV  Irradiation  of  suspected  contaminated  surfaces  with 
subsequent  detection  based  on  thermal  imaging  or  UV 
photography  of  the  lrradlatad  surface; 

5.  Solvent  extraction  using  alternat lva  procedures  to 
conventional  wipe  or  swab  methods. 

Protocols  1,  2,  3,  and  U  were  candidates  for  qualitative  detection  of 
explosives/explosivee  reelduee;  protocol  5,  comolned  with  modified 
C  ver alone  of  existing  USATHAMA  methods  for  the  determination  of  explosive# 

was  intended  for  quantltat ive  determination.  Detailed  discussions  of 
the  developmental  tcatlng  of  chase  qualitative  and  quantitative  methods  are 
presented  in  the  respective  sections  a;  this  rsport, 


r 
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-III.  QUALITATIVE  METHODS  DEVELOPMENT 


A.  INTRODUCTION: 

The  qualitative  methods  selected  for  developmental  testing  included: 

1.  continuous  monitoring  of  organic  analyte  vapors  using 
a  portable  gas  chromatograph; 

2.  evaluation  of  existing  U.S.  Army  equipment  developed  for 
the  vapor  phase  detection  of  CW  agents; 

3.  in-situ  formation  of  change-transfer  complexes  with 
visual  identification; 

4.  UV  Irradiation  of  suspected  contaminated  surfaces  with 
subsequent  detection  based  on  thermal  Imaging  or  UV 
photography. 

Detailed  discussions  of  the  developmental  testing  of  these  methods  are 
presented  in  the  respective  sections  below. 

The  objective  of  this  testing  was  development  of  procedures  for  the  rapid 
qualitative  determination  with  90%  confidence  of  the  presence/absence  of 
the  compounds iOf  interest  down  to  a  level  of  5  ug/10  cm2  in  a  given 
building.  The  approach  used  to  achieve  this  objective  involved  in  each 
case  the  spiking  with  known  amounts  of  analytes  of  new,  uncontaminated 
samples  of  each  of  the  surface  types  of  Interest  obtained  from  building 
materials  dealers.  Samples  of  conductive  non-sparking  flooring  were  not 
available  for  this  purpose. 

Practical  determination  of  the  confidence  Interval  associated  with  a 
qualitative  analysis  performed  in  the  field  would  have  required  access  to 
a  building  where  the  nature  and  extent  of  contamination  was  known.  This 
condition  could  not  be  satisfied  by  those  AAP's  to  which  access  was 
obtained.  Therefore,  detection  limits  for  positive  compound  identification 
ere  reported. 

At  the  direction  of  the  Technical  Project  Officer,  emphasis  was  placed  on 
the  development  of  procedures  for  organic  analytes.  No  methods  for  in¬ 
organic  species  which  would  represent  substantive  improvement  over  existing 
spot  test  methods  were  finally  identified. 

B.  ANALYTE  DETECTION  USING  CONTINUOUS  VAPOR  PHASE  MONITORING: 

The  detection  of  explosive  vapors  using  gas  chromatography  and  other 
analytical  techniques  has  been  the  object  of  considerable  investigative 
effort.  In  fact,  several  of  the  commercially-available  explosives  detectors 
are  based  on  this  principle.  Available  explosives  vapor  detection  methods 
have  been  used  with  varying  degrees  of  success  for  the  detection  of  bulk 
explosives  as,  for  example,  in  airport  and  aircraft  security  operations. 


15 


Arthur  D  Little,  Inc 


Detection  of  explosives/explosive  residues  on  building  materials  surfaces 
using  continuous  vapor  phase  monitoring  could  offer  the  following  advantages: 

•  By  means  of  one  or  a  few  measurements,  all  the  surfaces 
composing  an  entire  enclosed  area  could  be  effectively 
screened  for  the  presence  of  explosives; 

•  The  analyses  could  be  performed  on  or  close  to  a  real-time 
basis,  making  it  possible  to  conduct  "walk-through"  surveys. 

Unfortunately,  however,  there  are  several  potential  difficulties  with 
using  continuous  vapor  phase  monitoring  for  detection  of  explosives  on 
surfaces,  including  the  following: 

•  The  concentrations  of  analytes  on  surfaces  which  are  of  interest 
in  this  study  are  very  low; 

•  Further,  the  vapor  pressures  of  most  of  the  analytes  of  interest 
are  very  low  under  ambient  conditions; 

•  Most  of  the  analytes  of  interest  are  strongxy  polar  and  thus 
adsorb  strongly  on  surfaces  with  which  they  come  in  contact. 

These  factors  have,  in  fact,  largely  precluded  the  effective  use  of  vapor 
phase  detection  methods  for  many  applications  where  the  detection  of  other 
than  bulk  quantities  of  explosives  was  attempted. 

Two  types  of  recently-developed  analytical  instruments  were  evaluated  in 
this  study  to  determine  whether  their  operating  and  performance  character¬ 
istics  made  possible  the  detection  of  vapors  derived  from  explosives  in 
air  immediately  adjacent  to  surfaces  spiked  with  explosives/explosive 
residues.  One  was  the  Photovac  10A10  Portable  Gas  Chromatograph  (Photovac. 
Inc.,  Thornhill,  Ontario,  Canada),  a  portable  gas  chromatograph  with  a 
photoionization  detector  for  which  detection  levels  down  to  parts  per 
billion  for  various  compounds  including  nitro-compounds  are  claimed.  A 
technical  representative  of  Photovac,  Inc.  visited  Arthur  D.  Little,  Inc. 
laboratories  to  discuss  the  application  of  the  Photovac  10A10  Portable 
Gas  Chromatograph  to  continuous  monitoring  of  organic  explosive  vapors  and 
to  demonstrate  the  performance  of  that  instrument  used  in  its  continuous 
monitoring  mode  for  sampling  of  air  immediately  above  a  surface  spiked 
with  known  amounds  of  selected  explosives.  During  that  demonstration, 
the  Photovac  10A10  failed  to  give  any  observable  signal  when  used  to  sample 
the  air  immediately  above  the  bottoms  of  Pyrex  glass  beakers  spiked  with 
the  equivalent  of  125  Mg/ era  of  RDX,  2,4-DNT,  and  DPA. 

The  Arthur  D.  Little,  Inc.  Project  Manager  and  the  Technical  Project 
Officer  also  visited  U.S.  Army  C.S.L.  Laboratories  to  view  and  assess  the 
performance  of  U.S.  Army  CW  agent  field  detection  equipment  when  used  to 
sample  explosives  vapors.  Three  ionization  detectors,  including  the  model 
in  current  use  and  two  prototype  instruments,  were  evaluated  by  sampling 
the  air  immediately  above  the  bottoms  of  Pyrex  glass  beakers  spiked  with 
various  concentrations  of  RDX,  2,4-DNT,  and  DPA.  Each  of  the  detectors  gave 
what  appeared  to  be  an  observable  response  at  or  near  the  agreed-upon  detection 
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limit  of  0.5  yg/cm^.  However,  in  no  case  was  that  response  sufficiently 
large  to  assure  unambiguous  detection.  It  was  judged  chat  none  of  these 
instruments  appears  at  this  time  to  possess  sufficient  sensitivity  to 
warrant  further  investigation  in  this  project. 

C.  ANALYTE  DETECTION  USING  FORMATION  OF  CUARGE  TRANTER  COlf  .EXES 
WITH  VISUAL  IDENTIFICATION: 

1 .  Background« 

Charge-transfer  complexes,  particularly  molecular  addition  .<y”  >’*'•, 

have  been  used  for  years  in  the  isolation,  purification  ana  id. •>  ication 
of  organic  compounds.  Among  the  better  known  examples  ari  the  -ition 
compounds  of  2 , 4 ,6-trinitrophenol  (picric  acid),  1,3,5-tr  .  .trobenz.-r  v 
and  2,4,7-trinitrofluorenone.  These  nitroaromatic  compoun-. ,  ate  charge- 
transfer  "electron-acceptors."  Their  complexes  with  "electron-dor  rs1 
are  usually  formed  in  1:1  ratios  of  acceptor :donor ,  and  th£.  ccv  •  :icn 
exhibits  properties  differing  from  the  individual  exponents,  e.g., 
color,  crystal  structure,  melting  j.jint,  etc.  The  oond  k.rength  of  the 
addition  compounds  varies  from  very  weak — on  the  order  of  van  dcj'-  Waal  1  s 
forces — to  moderate  strength  such  as  in  hydrogen  bonding.  The  wimplt. 
aromatic  hydrocarbons,  e.g.,  durene,  naphthalene,  and  anthracer  ,  are 
typical  donor  compounds  whose  complexes  have  the  weaker  type  of  bonds 
such  that  the  solid  complexeo  can  be  readily  dissociated  by  loi  •,  of  the 
donor  through  volatilization  at  or  only  slightly  above  room  temperature. 
Solvent  action  can  also  be  used  to  remove  the  donor  compound  from  the 
complex. 

In  the  interaction  of  nitroaromatic  hydrocarbons  with  the  simpler 
aromatic  materials,  visible  color  due  to  complex  formation  would  be 
the  simplest  method  of  detection.  In  the  absence  of  a  good  color 
contrast,  the  known  property  of  nitroaromatics  to  quench  the 
fluorescence  of  the  other  aromatic  compounds  could  be  used  as  the  basis 
for  a  less  simple  detection  scheme.  Of  the  donor  compounds  mentioned 
above,  however,  only  anthracene  ha3  a  fluorescence  at  visible  wave 
lengths  such  that  it  could  be  used  without  an  instrumental  detector. 

Still  another  combination  of  a  physico-chemical  interaction  of  a 
fluorescent  donor  with  the  quenching  nitroaromatic  acceptor  compound 
as  part  of  an  energy-transfer  system  might  also  be  used  to  increase 
the  sensitivity  of  detection.  Work  performed  by  Arthur  D.  Little,  Inc. 
on  detection  of  polycyclic  aromatic  hydrocarbons  indicates  that  less 
than  nanogram  quantities  of  anthracene  can  be  detected  by  virtue  of 
that  compound's  energized  fluorescence.  The  interference  of  nitro¬ 
aromatic  compounds  with  such  a  test  should  thus  permit  their  detection 
at  a  corresponding  level  (cf.  Interagency  Energy/Environmental  Report 
EPA  600/7-78-182,  September  1978)  . 

In  summary,  in-situ  formation  of  char ge- transfer  complexes  for  the 
detection  of  explosives  on  building  materials  surfaces  offers  the 
following  advantages: 
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(1)  Sensitivity  down  to  the  desired  detection  limit  of 
0.5  pg  of  analyte/cm2; 

(2)  Speed :  the  chemical  reactions  used  in  this  application 
occur  under  ambient  conditions;  relatively  easy  and 
straightforward  methods  for  dispersal  of  the  required 
reagents  over  large  areas  cf  the  surface  types  of  interest 
are  available;  and  visual  observation  of  colors  or 
quenching  is  used  as  the  detection  method; 

(3)  Manageable  hazard  during  and  subsequent  to  use  as 
compared  to  similar  spot  test  methods;  and 

(4)  Reversibi lity :  the  charge-transf er  complexes  used  in  this  appli¬ 
cation  can  be  destroyed  relatively  easily  leaving  the  original 
analyte  intact  and  available  for  subsequent  quantitative 
testing . 

2 .  Preliminary  Experiments 

Whatman  No.  42  filter  paper  was  used  as  a  substrate  in  place  of  samples 
of  the  actual  surface  types  of  interest  in  initial  spiking  experiments. 
Filter  paper  or  the  equivalent  is  customarily  used  in  this  type  of 
work  since  it  provides  a  convenient  means  for  manipulating  the  small 
amounts  of  chemicals  involved  and  also  provides  a  nearly  ideal  visual 
background  for  visualizing  the  colors  or  fluorescence  of  reaction 
products . 

Acetonitrile  solutions  of  three  of  the  organic  analytes — 2,4,6-TNT, 

2,4-DNT,  and  RDX — were  applied  to  Whatman  No.  42  filter  paper  in 
quantities  sufficient  to  yield  concentrations  equivalent  to  0.5  pg 
and  50  ug  of  analyte/cm2  (•  lx  and  lOx  the  agreed-upon  detection  limit 
of  0.5  ug/cm2).  The  acetonitrile  was  allowed  to  evaporate,  and  the  spiked 
filter  paper  was  then  treated  with  cotton  swabs  which  had  been  immersed 
in  acetonitrile  solutions  containing  100  pg/mL  of  the  electron-donor 
compounds  durene,  hexamethylbenzene ,  naphthalene,  and  anthracene. 

The  filter  paper  was  then  examined  for  (1)  the  presence  of  colored 
reaction  products,  or  (2)  quenching  of  reagent  fluorescence  when  examined 
under  a  UV  lamp.  First  priority  was  assigned  to  identifying  a  reagent 
which  gave  a  colored  reaction  product  which,  at  all  concentrations, 
was  clearly  visible  to  the  unaided  eye  under  ambient  lighting  conditions 
and  was  clearly  distinguishable  from  any  potentially  interfering  colors 
or  surface  irregularities.  Detection  of  a  reaction  by  observation  of 
quenching  of  reagent  fluorescence  was  considered  acceptable  only  if 
a  colored  reaction  product  could  be  identified;  in  that  case,  the 
observed  quenching  should  satisfy  the  same  criteria  as  above. 
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In  an  effort  to  identify  an  electron-donor  compound  which  would  yield 
a  colored  reaction  product  with  these  analytes,  the  compounds 
N,N-dimethylaniline  and  diphenylamine  were  also  evaluated  using  the 
procedures  described  above.  While  diphenylamine  is  also  an  analyte 
in  this  program,  it  was  nevertheless  considered  useful  to  evaluate 
its  electron-donor  properties  since  it  is  often  cited  in  the  literature 
as  a  strong  electron-donor  and  could  thus  serve  as  a  useful  model 
compound. 

At  the  50  pg/cm^  level,  2,4,6-TNT  formed  a  reddish-orange  spot  with 
both  N, N-dimethylaniline  and  diphenylamine;  2,4-DNT  formed  a  pale  yellow 
spot  with  diphenylamine  only;  and  RDX  failed  to  form  an  observable  colored 
spot  with  either  compound.  At  the  0.5  pg/cm2  level,  none  of  the  analytes 
formed  an  observable  colored  spot  with  either  compound.  However,  when 
spiked  filter  paper  treated  with  anthracene  was  observed  under  ultra¬ 
violet  illumination  (254  nra) ,  quenching  of  the  anthracene  fluorescence 
was  observed  for  all  analytes  at  both  concentrations. 

On  the  basis  of  these  initial  positive  findings,  additional  experiments 
were  performed  on  the  nine  analytes  listed  below: 


Analytes  Tested 
NG 

PETN 

RDX 

TNT 

TNB 

2,4-DNT 

2,6-DNT 

DNP 

Tetryl 


Nitroglycerin 

Pentaerythritetetranitrate 
Cyclotrimethylenetrinitr amine 

2 .4 .6- trinitrotoluene 
1,3, 5-trinitrobenzene 

2. 4- d ini tro toluene 

2 .6- dinitrotoluene 

2 .4- dinitrophenol 

2.4 .6- trinitrophenylmethylnitramine 


Each  analyte  was  spiked  on  Whatman  No.  42  paper  at  levels  corresponding 
to  0.5,  1.0  and  100X  the  specified  detection  limit  (0.5  pg/cm2). 

As  in  the  preceding  experiments,  cotton  swabs  which  had  been  immersed 
in  an  acetonitrile  solution  containing  100  ug/mL  of  anthracene  was 
gently  drawn  across  Che  filter  paper.  After  the  acetonitrile  had 
evaporated,  the  paper  was  examined  under  2.54  nm  UV  illumination. 


All  of  the  analytes  except  NG  and  PETN  were  detected  at  the  100X  level 
without  application  of  anthracene;  the  detections  were  as  dark  spots  on 
the  light  paper  background.  (In  visible  white  light,  the  DNP  and  Tetryl 
spots  were  yellow.)  When  treated  with  anthracene,  all  of  the  analyte 
spots  were  seen  as  dark  spots  on  the  fluorescent  anthracene  background. 
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At  the  IX  (0.5  ug/cm2 )  level,  again  only  NG  and  PETN  spots  were  not 
evident  until  treated  with  anthracene.  Even  at  this  level,  they  did 
show  a  weak  quench  of  the  anthracene  fluorescence.  The  other  compounds, 
evident  without  anthracene,  showed  increased  contrast  (dark/white) 
with  the  reagent. 

Ac  the  1/2X  (0.25  ug/cm2)  level,  none  of  the  materials  were  detected 
until  treated  with  anthracene.  PETN,  NG,  and  RDX  detections  are 
questionable  at  that  level.  Taken  together,  these  findings  suggested 
that  detection  of  the  three  analytes  tested  at  the  agreed-upon  detection 
limit  of  0.5  yg/cm'  was  well  within  the  capabilities  of  the  technique. 

3 .  Formation  of  Charge-Transfer  Complexes  Directly  on  Surfaces . 

In  an  additional  set  of  experiments,  analytes  were  spiked  directly 
on  clean  samples  of  the  surface  types  of  interest.  The  acetonitrile/ 
anthracene  solution  was  sprayed  on  the  spiked  surface  sample  using  a 
spray  bottle.  In  each  case  in  which  the  quenching  of  the  anthracene 
was  positively  identified,  a  lower  concentration  of  the  analyte  was 
spiked  on  a  clean  sample  of  the  surface  type  being  examined  on  the 
experiment  repeated.  The  lowest  concentration  at  which  quenching  of  the 
anthracene  fluorescence  could  be  positively  identified  was  taken  as 
the  detection  limit  for  that  analyte-surface  combination.  The  resulting 
detection  limits  are  Hated  in  Table  III-l. 

An  additional  finding  of  this  work  was  that  several  spray  applications 
(i.e.,  3-4)  of  the  anthracenc/naphthalene  reagent  are  nacesaary  to 
achieve  a  uniform  fluorescence  background  on  brick  and  concrete.  With 
a  single  application  of  reagent,  surface  lrragularltiea  appear  aa 
slightly  darker  areas  and  cannot  ba  distinguished  from  analyte. 

It  was  also  observed  In  these  experiments  that  the  presence  of  dirt  or 
other  foreign  matter  on  metal  and  wood  surfaces  prevented  uniform 
spreading  of  the  reagent  over  the  surface.  Also,  care  Is  required  on 
metal  and  wood  surfaces  to  avoid  puddling  or  running  of  the  reagent, 
which  may  result  in  removal  from  or  dilution  within  the  atea  being 
examined  of  any  analyte  present. 


4.  Solvent  Lift  Technique  for  Sampling  of  Surfaces. 

Tr.e  analyte  detection  limits  shown  in  Table  III— 1  are  higher  for  all 
analyte-surface  combinations  than  for  the  same  analytes  on  filter  paper, 
In  an  effort  to  determine  whether  lower  detection  limits  could  be 
obtained,  alternative  procedures  for  isolating  the  analyte  from  a  surface 
prior  to  treatment,  with  the  acetonitrile/anthracene  solution  were 
evaluated . 
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TAB  IE  III-l.  LABORATORY  ANALYTE  DETECTION  LIMITS  (MICROCRAM/c®  )  OBTAINED 

BY  FORMATION  OF  C1LARCE  TRANSFER  COMPLEXES  DIRECTLY  ON  SURFACES 
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The  best  results  were  obtained  using  the  following  procedures: 

1)  Whatman  No,  42  9,0  cm  filter  paper  circles  were  saturated  with 
0.5-10  mL  acetonitrile;  2)  the  wetted  filter  paper  was  pressed  against 
the  surface  of  interest;  3)  the  filter  paper  was  allowed  to  remain  in 
place  until  the  acetonitrile  had  evaporated;  4)  the  filter  paper  was 
removed  and  stored  in  100  x  15  mm  disposable  plastic  Petri  dishes 
(Fisher  Scienctific  Co.  Cat.  No.  8-757-12)  until  analyzed. 

Using  these  procedures,  the  detection  limits  are  shown  in  Table  III-2 
were  obtained.  Comparison  of  these  results  to  those  in  Table  III-l  indi¬ 
cates  that  the  detection  limits  obtained  using  the  solvent  lift  technique 
are  lower  in  almost  all  cases  than  those  obtained  by  formation  and 
detection  of  charge-transfer  complexes  directly  on  surfaces.  The  sol- 
vent/liit  approach  also  eliminates  the  analyte  dilution  and  reagent 
puddling  problems  which  may  accompany  the  accidental  application  of 
excess  reagent. 

5 *  Field  Evaluation. 

During  the  week  of  April  19,  1982,  visits  were  made  to  Holston  Army 
Ammunition  Plant  in  Kingsport,  Tennessee  and  Joliet  Army  Ammunition 
Plant  in  Joliet,  Illinois  to  evaluate  under  field  conditions  the 
charge-transfer  complex  formation  solvent  lift  sampling  protocol 
described  above.  A  total  of  195  filter  paper  lift  samples  were  col¬ 
lected  at  the  two  installations  using  the  procedures  described  above. 
Seventy  filter  paper  lift  samples  were  obtained  at  Holston  AAP  and  125 
were  obtained  at  Joliet  AAP.  Six  locations  in  five  different  buildings 
at  the  two  installations  were  sampled  in  this  manner.  Solid  samples 
were  al  ?o  collected  from  four  buildings  at  the  two  installations.  In 
each  case,  the  specific  locations  sampled  were  those  which  personnel 
familiar  with  present  or  former  manufacturing  processes  performed  at 
these  installations  suspected  were  contaminated  with  the  explosives 
of  interest.  A  complete  inventory  of  all  samples  is  included  in 
Table  III-3. 

The  variety  of  buildings  and  locations  sampled  represents  most  of  the 
sampling  conditions  likely  to  be  encountered  in  the  field.  It  was 
noted,  however,  that  even  among  nominally  identical  manufacturing  lines 
and  buildings  at  a  given  installation,  substantial  differences  were 
encountered  between  equipment  types  and  configurations,  previous  types  and 
of  intensities  of  usage,  etc.  The  significance  of  this  observation 
is  that  the  development  of  a  generalized  sampling  plan  would  probably 
not  be  possible  or  useful. 

Due  to  safety  restrictions  and  the  absence  of  readily  accessible  AC 
power  supplies,  only  a  few  filter  paper  lift  samples  were  analyzed  in 
the  field  for  demonstration  purposes.  In  all  other  respects,  however, 
the  filter  paper  lift  approach  proved  to  be  easy  and  efficient  to  use. 

All  samples  were  returned  to  Arthur  D.  Little,  Inc.  laboratories  and 
were  analyzed  within  two  weeks.  Several  samples  which  were  suspected 
to  be  contaminated  with  explosives  were  reanalyzed  at  various  times  over 
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TABLE  IiI-2.  LABORATORY  ANALYTE  DETECTION  LIMITS  (MICROGRAMS/cm^)  USING  SOLVENT  LIFT  TECHNIQUE 
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TABLE  III- 3 •  INVENTORY  OF  SAMPLES  COLLECTED  AT  HOLSTON  AND 
JOLIET  ARMY  AMMUNITION  PLANTS 


Site  Buildln 


Holston 

:  1 

Holston 

ii 

Holston 

ii 

Holston 

ti 

Holston 

ii 

Holston 

n 

Holston 

ii 

Holston 

ii 

Holston 

ii 

Area 

Sample  No. 

top  of 

1 

wooden  drain 

2 

cover 

3 

4 

bottom  of 

5 

wooden  drain 

6 

cover 

7 

8 

bottom  of 

9 

concrete 

10 

drain  basin 

11 

wall  frame 

12 

base  (wooden) 

'  13 

metal  wall 

14 

frame 

15 

base  of 

16 

concrete  wall 

17 

two  feet  from 

18 

floor  on 

concrete  wall 

corner  of  concrete  19 

floor 

20 

one  foot  from 

21 

floor  on  a 

22 

concrete  wall 

23 

24 

25 

26 

27 

bottom  of 

28 

wooden  door 

frame 

one  foot  up 

29 

on  a  concrete 

30 

wall 

31 

32 

33 

filter  paper 
lift 


filter  paper 
lift 


filter  paper 
lift 


filter  paper 
lift 

filter  paper 


filter  paper 
lift 

filter  paper 
lift 


filter  paper 
lift 

filter  paper 
lift 


filter  paper 
lift 


filter  paper 
lift 
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Sice 
Hols  con 

Hols  con 

Hols Con 

Hols ton 

Hols  ton 


Joliet 

Joliet 

Joliet 

Jolie  t 

Joliet 


TABLE  I I 1-3.  INVENTORY  OF  SAMPLES  COLLECTED  AT  HOLSTON  AND 
JOLIET  ARMY  AMMUNITION  PLANTS  (CONTINUED) 


Building 

Area 

Sample  No. 

Sample  Type 

11 

concrete  floor 

34 

filter  paper 

(area  covered 

15  1/2’  x  14’) 

55 

11 

concrete  pump 

56 

filter  paper 

base 

lift 

63 

11 

metal  strip 

64 

filter  paper 

a  long  face 

65 

lift 

of  pump  base 

66 

11 

drain  basin 

67 

white  powder 

pump  base 

68S 

concrete 

69S 

concrete 

70S 

concrete 

°4 

flooring 

71S 

asphalce 

(RDX 

wall 

72S 

brick 

reaction 

baseboard 

73S 

tar  material 

building) 

door  frame 
tank  base 

74  S 

75S 

wood 

white  powder 

material 

equipment  base 

76S 

concrete 

pump  base 

77S 

concrete 

pump  base 

78S 

concrete 

vail  base 

79S 

black  tar 

material 

drain  base 

80S 

black  powder 

TNT 

seconu  floor 

101 

filter  paper 

shell 

melting  bay 

+ 

lift 

loading 

area  (concrete) 

162 

TNT 

first  floor 

163 

filter  paper 

shell 

loading  bay 

V 

lift 

loading 

(concrete) 

186 

DNT 

first  floor 

187 

filter  paper 

sweathouse 

drain  area 

i 

lift 

(concrete) 

194 

DNT 

transite 

200 

filter  paper 

sweathouse 

wall  paneling 

T 

1  J  Cf. 

204 

TNT 

concrete 

205 

filter  paper 

washhouse 

floor 

+ 

lift 

209 
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TABLE  1 1 1-3.  INVENTORY  OF  SAMPLES  COLLECTED  AT  HOI.STON  AND 
JOLIET  ARMY  AMMUNITION  PLANTS  (CONTINUED) 


Sice 

Joliet 

Rut  1 d in« 

Area 

Sample  No. 

Sample  Type 

TNT 

concrete 

210 

filter  paper 

washhouse 

sump  basin 

4- 

213 

lift 

Joliet 

Tetryl 

non  sparking 

216 

filter  paper 

packaging 

floor 

217 

218 

lift 

Joliet 

Tetryl 

concrete 

219 

filter  paper 

packaging 

drain  basin 

+ 

222 

lift 

Joliet 

Tetryl 

packaging 

non  sparking 
floor 

223  . 

filter  paper 
lift 

Joleit 

Tetryl 

shaet  mo.tal 
dust  collector 

224 

225 

filter  paper 
lift 

Joliet 

TNT 

unloading 

second  floor 
flooring 

3015 

wood  floor  covering 

Joliet 

Tetryl 

packaging 

floor 

3025 

non  sparking  floor 

Joliet 

Tetryl 

drain  basin 

3035 

white  powder 
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an  additional  two-week  period  and  in  each  case  the  observed  results 
were  indistinguishable,  indicating  that  no  observable  loss  of  analyte 
occurred  upon  storage  of  samples  for  up  to  one  month. 

The  solid  sample  675  collected  from  a  *loor  drain  in  Building  1-1  at 
Holston  AAP  was  analyzed  separately  by  x-ray  diffraction  and  was  found 
to  consist  mainly  of  RDX.  Acetonitrile  washes  of  several  filter 
paper  lift  samples  collected  from  the  same  general  area  were  also 
analyzed  independently  by  a  wet  chemical  method  for  Identification  of 
RDX  (ref.  Dept,  of  the  Army  Technical  Manual  TM  9-1^00-214,  Military 
Explosives,  No.  1967,  p.  12-4)  and  were  found  to  give  positive  results 
for  that  analyte.  Several  additional  filter  paper  lift  samples  from 
nearby  areas  which  contained  amounts  of  dirt  and  debris  similar  in 
quantity  and  appearance  to  that  on  the  samples  described  above  gave 
no  indication  of  contamination.  Taken  together,  these  observations 
suggest  that  certain  of  the  areas  sampled  in  Building  I-i  at  Holston 
AAP  were  indeed  contaminated  with  RDX,  that  the  charge-transfer  complex 
formation  sampling  protocol  gave  a  positive  indication  of  contamination 
in  and  around  areas  where  contamination  was  known  to  exist,  and,  in 
areas  further  removed  from  the  known  contaminated  areas,  the  charge- 
transfer  sampling  protocol  gave  fewer  or  no  indications  of  contamination . 
The  latter  observation,  in  particular,  suggests  that  the  presence  of 
dirt  and  debris  of  the  type  found  throughout  the  building  did  not 
result  in  false  positive  findings.  This  is  precisely  the  outcome  which 
had  been  desired. 

The  reaults  of  analyses  of  all  filter  lift  samples  are  represented 
diagramatically  in  Figures  III-l  through  III-6.  In  those  figures,  small 
circles  indicate  the  locations  from  which  filter  paper  lift  samples  were 
collected.  Open  circles  O  represent  a  finding  of  no  apparent 
explosives  contamination;  crossed  circles  ®  represent  a  finding 
that  the  location  sampled  was  contaminated  with  explosives.  Findings 
which  were  questionable  due  to  very  faint  fluorescnece  are  denoted  by 
the  appropriate  notation  next  to  the  corresponding  location  in  the 
figure. 

D.  ANALYTE  DETECTION  USING  UV  IRRADIATION  AND  THERMAL  IMAGING: 

1.  Background  . 

An  analytical  approach  utilizing  UV  irradiation  and  thermal  imaging 
technology  was  evaluated  for  its  potential  applicability  to  the 
detection  of  trace  levels  of  explosives  on  building  materials  surfaces. 
The  principles  underlying  this  approach  involved  the  following: 

The  area  of  interest  is  irradiated  with  an  ultraviolet  illumination 
source  matched  to  the  absorption  characteristics  of  the  analyte.  The 
radiation  that  is  absorbed  must  necessarily  heat  the  material.  A  small 
change  in  temperature  should  result  and  thermal  imaging  technology  might 
be  used  to  sense  that  change  in  temperature,  provided  that  diffusion 
of  the  heat  into  the  substrate  does  nor.  proceed  too  rapidly. 
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Joliet  AAP:  TNT  Melting  Area,  2nd  Floor 
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Joliet  AAP:  TNT  Wash  Building 
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The  technical  feasibility  of  this  approach  was  evaluated  by  a  theoretical 
analysis  which  showed  that  the  estimated  temperature  Increases  accompany- 
ing  UV  irradiation  of  trace  levels  of  the  analytes  on  surfaces  were 
apparently  within  the  measurement  capabilities  of  commercially  available 
thermal  imaging  instrumentation.  Subsequent  laboratory  experiments 
demonstrated  the  practical  applicability  of  the  approach.  The  work 
completed  in  each  of  these  steps  is  summarized  in  the  respective 
sections  below. 

2.  Theoretical  Analysis  of  the  Method. 

a.  Principle.  The  explosives  of  interest  are  known  to  have  absorption 
bands  in  the  middle  IR  and  in  the  UV  but  are  not  fluorescent  in  the 

UV.  Thus,  irradiation  of  these  compounda  with  UV  or  IR  light  of  the 
proper  wavelength  will  result  in  energy  absorption  accompanied  by  a 
rise  in  temperature.  That  temperature  rise  may  provide  the  means 
for  detecting  the  presence  of  the  explosives  on  building  materials 
surfaces.  Because  modern  instrumentation  is  capable  of  precise 
measurement  of  even  very  small  temperature  changes  (e.g.,  AT  3  0.1*0, 
the  method  may  ba  extended  to  the  detection  of  trace  levelc  of 
explosives.  Discrimination  of  analyte  signal  from  background 
temperature  fluctuations  f;an,  in  theory,  be  achieved  by  careful 
seloctlon  of  the  inclcent  radiation. 

A  detection  method  baaed  on  thia  principle  would  involve  illuminating 
the  wall  wl*-h  UV  irradiation  of  specific  wavelengths  tuned  to  the  suspected 
material's  absorption  bands  and  sensing  the  temperature  rise  due  to  the 
absorbed  radiation.  The  absorption  coefficients  are  generally  so  much 
greater  in  the  UV  than  in  the  IR  that  a  UV  method  la  to  be  preferred. 

To  maximize  the  temperature  rise,  one  could  illuminate  the  wall  with  a 
narrow  beam  of  radiation  which  elowly  scanned  the  wall.  The  temperature 
rise  can  be  ocn6ed  by  a  thermal-inflated  detuctor  that  scans  the  wall  in 
synchronism  with  the  illuminating  beam.  The  illuminating  beam  can  be 
either  chopped  or  unmodulated .  Because  the  observed  temperature  change 
may  be  strongly  dependent  on  which  beam  typo  is  chosen,  both  methods  will 
be  examined , 

b.  Chopped-Radlation  Methods 

By  mesne,  of  a  suitable  chopper,  the  incident  radiation  intensity,  I, 
as  e  function  of  time,  t,  can  be  mode  to  have  the  form  shown  below; 


Chopped  Incident  Radiation  as  a  Function  of  Time 

i  i 
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This  function  can  be  represented  by  the  formula 

I  »  *5  I  (1  +  cos  ut)  (1) 

o 

consisting  of  a  steady  component 

I  -  h  I  (2) 

8  O 

and  an  alternating  component 

I  -  h  I  elwt  (3) 

a  o 

where  for  mathematical  convenience  we  have  replaced  cos  u;t  by 

If  a  lock-in  amplifier  tL.,ed  to  the  angular  frequency  to  Is  used  with 
the  detector,  only  the  effect  of  the  component  Ia  is  observed.  It 
is  to  be  noted  that  since  Ia  cakes  on  both  positive  and  negative 
values,  this  component  of  the  intensity  implies  formally  that  power 
is  both  put  into  and  taken  out  of  the  wall. 

If  the  thin  absorbing  layer  is  of  thickness  d  and  absorption  coefficient 
a,  at  the  wavelength  of  the  incident  beam,  the  intensity  transmitted 
through  the  layer  is 


„  _  ^  ,  .-ad  (1-R)  „  -ad  iwt  , , 

I  -  (1-R)  I  e  -  *- ■  ‘  I  e  e  (4) 

t  a  2  o 

where  R  is  the  reflectance  of  the  film  at  the  irradiation  wavelength 
and  the  power  per  unit  area  absorbed  in  the  layer  is  therefore 

w  -  I  (1  -  e"ad)  (3) 

2  O 

where  the  factor  eiu)C  has  been  suppressed. 

We  assume  that  the  transmitted  intensity,  given  by  Equation  (4),  is 
slowly  absorbed  by  the  underlying  wall  and  therefore  does  not 
appreciably  affect  the  temperature  distribution  set  up  in  the  wall. 

The  temperature  distribution  in  the  wall  is  given  by  cue  heat  flow 
equation 

K  —  -  C  p  -  iu  C  p  T  (6) 

3x2  3t 

where  x  is  distance  into  the  wall,  and  K,  C,  p  are,  respectively,  the 
thermal  conductivity,  specific  heat  and  density  of  the  wall  material. 
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The  solution  of  Equation  6  is 


T  e 
o 


Vr  - 


where  k  is  the  thermal  diffusivity,  given  by 
k  *  - 

c  p 

and  Tq  is  the  surface-temperature  amplitude. 
The  heat  flux  density  at  x  ■  p  is 


q  =  -  K 


3T 

3x 


“  v'r 
0 


This  flux  density  must  equal  the  power  W  given  by  Equation  5, 
fore,  the  temperature  amplitude  at  the  surface  is 

(1-R)  Io  (1  -  e"ad)  (1-R)  Io  (1  -  e“ad) 


11 

2K 

!  /  ioj 

|Vk 

2  /w  K  C 


(7) 

(8) 


(9) 


Thore- 


(10) 


c.  Unmodulated-Radiation  Method 


In  the  case  of  an  unchopped  incident  beam  the  surface  temperature  is 
controlled  by  the  thermal  spreading  resistance  r^  into  the  concrete 
wall.  This  quantity  is  given  by 

rl  *  FIT  <de*/watt>  UD 

where  a  is  the  radius  of  the  incident  beam  and  K,  as  before,  is  the 
thermal  conductivity  of  the  concrete  wall. 


In  addition  there  io  another  resistance  due  to  thermal  radiation  from 
the  heated  surface.  This  effect  can  be  represented  by  a  thermal 
resistance  r^  given  by 

1 

X*  m  — 

2  4  c  o  T3  n  a2 


(12) 


where  t  is  the  thermal  emittance  of  the  wall  and  a  is  the  Stefan 
Boltzmann  constant. 
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Let  P  be  the  power  delivered  to  the  absorbing  layer  by  the  incident 
beam.  Then  the  temperature  rise  T  is  given  by  "Ohm's  Law"  for  heat 

(1-R)  (1  -e~ad)  I 

T  *  (1-R)  rP  =  — -  (13) 

K  +  4  ea  T3 


where  1*1+1  (14) 


The  sample  calculations  below  show  that  the  unmodulated-beam  method 
is  greatly  be  to  preferred.  Equation  (13)  applies  to  the  case  of  a 
non-scanning  beam.  The  temperature  rise  will  decrease  with  increasing 
scan  rate.  In  actual  practice,  a  number  of  implementations  of  the 
precise  methodology  are  possible.  One  would  be  to  irradiate  a 
relatively  large  patch  of  the  wall  and  view  it  at  the  same  time. 

The  entire  area  could  be  surveyed  by  moving  the  irradiated  patch 
and  thermal  viewer  together.  Another  possibility  would  be  to  irradiate 
only  a  small  moving  spot  (more  radiation  per  unit  area)  and  view  a 
large  patch  over  the  time  period  necessary  to  irradiate  the  whole 
patch.  A  third  possibility  is  to  view  only  the  irradiated  small  spot 
and  move  the  viewer  with  the  subject  spot.  The  precise  implementation 
of  the  scheme  will  depend  on  a  number  of  engineering  tradeoffs  con¬ 
cerning  the  expected  signal  strength,  time  available  to  survey  the 
area  in  question,  and  so  forth. 

d.  Sample  Calculations.  Based  on  the  formulas  derived  above,  the  AC  and 

steady-state  temperature  changes  were  calculated  using  ultraviolet 

irradiation  and  thermal  viewing  on  concrete  and  wood.  The  parameters 

of  the  calculation  are  given  together  with  their  sources  in  Table  III-4.  The 

absorption  coefficient  used  in  this  calcuation  was  for  PETN  at  a 

wavelength  near  2,000  angstroms.  This  wavelength  is  shorter  than  the 

UV  irradiation  source  peak  used  for  calculation  and  some  effort  would 

have  to  be  made  to  match  the  two.  The  PETN  data  were  obtained  from 

the  Journal  of  Physical  Chemistry,  77_  910,  (1973)  showing  a  value  of 

the  absorption  coefficient  of  5.6  x  104  cm"3  between  approximately 

45,000  and  55,000  cm-1  (near  2000A)  .  TNT  in  the  LTV  region  (near 

2325A)  has  an  absorption  coefficient  similar  to  that  of  PETN.  Most 

of  the  other  parameters  are  somewhat  variable  depending  on  the  source, 

as  the  materials  (concrete  and  wood)  are  variable  in  composition. 

A  spectrum  of  TNT  was  run  in  the  infrared  which  shows  a  maximum  absorption 
coefficient  of  about  7,000  cm”1  between  6.2  and  6.7  um.  These  data, 
which  are  expected  to  be  typical  of  most  of  the  compounds  in  the  two 
regions,  are  the  reason  for  our  choice  of  the  ultraviolet  region  for 
surface  irradiation. 
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TABLE 

III-4.  parameters  used  in 

SAMPLE 

CALCULATIONS 

Parameter 

Value 

Source  and  Comments 

R 

uv 

0.1 

Estimate  from  the  Infrared 
Handbook 

“PETN 

5.6  x  104  cm  3 

J.  Phys  Chetn,  77,  910  (1973) 

1.38  x  10s  cm  1 

ARLCD-TR- 78025  (1978) 

d 

0.56  x  10  7  cm 

Taken  from  1  pg/cm2,  cpETN  = 

I 

0 

5  x  10  3  watts/cra2 

Estimate  by  P.  von  Thuna,  ADL 

concrete 

8  x  1C  3  watts/cm  deg  C 

AIP  Handbook 

K 

wood 

2  x  10  3  watts/cm  deg 

C 

AIP  Handbook 

C 

concrete 

0.65  j/gm  deg  C 

Harks  Standard  Handbook  for 
Mechanical  Engineers 

Cwood 

1.75  j/gm  deg  C 

Handbook  of  Chem  &  Physics 

D 

concrete 

1.6  g/cm3 

AIP  Handbook 

^wood 

0.6  g/cm3 

API  Handbook 

a 

1  cm 

Ll) 

6.28  Hz 

For  1  Hz  chopping  frequency 

eIR 

0.9 

Estimate  from  related  materia 

T 

300°K 

o,  the  Stefan  Boltzmann  Constant  *  5.67  x  10  12  [ 

\_cnrdeg  J 


This  value  will  depend  on  the  precise  wavelength,  bandwidth, 
and  geometry  of  UV  optics. 
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Using  formula  (10)  for  modulated  UV  irradiation  (PET!!) 


T 

o 


(1-R)  (1  -  e~ad)  I 
- _ 0 

2  /KCPo) 


“  3.006°C  (concrete) 
”  0.01°C  (wood) 


Using  formula  (13)  for  unmodulated  UV  irradiatio-  (PETN) 
(1-R)  (1  -  e'ad)  I 

^  ^  “  ]£“  ~  =  0.3°C  (concrete) 

-  +  4eo  T3  =  1.  l°c  (wood) 


The  values  for  TNT  would  be  approximately  the  same  as  those  for  PETN 
as  the  listed  value  is  at  the  peak  of  the  absorption  band  which 
extends  out  to  near  2800A°.  The  fact  that  the  latter  value  are 
well  within  the  measurement  capabilities  of  commercially  available 
thermal  imaging  equipment  forms  the  basis  for  our  conclusion  that 
the  method  is  technically  feasible. 

3 .  Analyte  UV  Absorption  Characteristics 

UV  absorption  data  for  the  analyte  PETN  were  presented  in  the  preceding 
discussion.  Data  on  each  of  the  other  analytes  of  interest  was  also 
assembled  and  is  in  Table  III-5. 

it  should  be  noted  that  most  of  the  data  in  Table  1 1 1—5  are  for  solutions 
of  the  analytes  since  these  properties  are  customarily  measured  and  re¬ 
ported  in  chat  manner.  It  is  not  clear  that  solution  data  are  reliable 
indicators  of  the  strength  or  location  of  UV  absorption  bands  of  the 
solid  samples  because  these  characteristics  are  often  strongly  influenced 
by  the  solvent.  However,  laboratory  comparison  of  UV  absorption  spectra 
of  the  analyte  2,4-DNP  in  acetonitrile  solution  and  in  a  KBr  pellet  and 
showed  that  the  wavelengths  corresponding  to  maximum  absorption  and  the 
calculated  absorption  coefficients  are  quite  similar.  To  the  extent  that 
this  is  also  the  case  for  the  other  analytes  (and  depending  on  the  solvents), 
the  data  in  Table  I I 1-5  may,  in  fact,  indicate  that  relative  locations 
and  strengths  of  UV  absorption  bands.  In  that  case,  the  data  in  Table  III-5 
suggest  the  following: 

1.  With  the  exception  of  NG,  all  analytes  exhibit  comparable 
absorption  strengths  (i.e.  ,  e  and  a  in  Table  1II-5  are  on  the  same 
order  of  magnitude  for  all  analytes).  Thus,  the  proposed 
approach  should  be  equally  applicable  to  all  analytes; 

2.  The  absorption  bands  of  all  analytes  are  sufficiently  close  to 
2500  Angstroms  that  an  illumination  source  capable  of  providing 
sufficient  power  output  over  some  wavelength  range  centered  on  or 
about  this  wavelength  may  permit  detection  of  all  analytes  (except 
NG) .  Commercially  available  mercury  sources  which  emit  the 
characteristic  2537  Angstrom  line  may  be  suitable  for  this  purpose. 
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Table  11-5  (Continued 
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UV  Absorption  data  for  solutions  of  analytes  were  presented  in  Table  III-6. 
We  also  obtained  solid  state  UV  absorption  coefficients  of  six  analytes  to' 
determine  whether  the  tentative  conclusions  based  on  examination  of  solu¬ 
tion  data  could  be  confirmed.  A  technique  used  extensively  in  infrared 
analysis— the  preparation  of  KBr  pellets  containing  the  analyte— was 
attempted  and  found  to  be  satisfactory  through  the  Cary  219,  400-200nm, 
ultraviolet  range.  Macropellets  of  13-mm  diameter  were  pressed  under 
20,000  pounds  pressure,  using  oven-dried  KBr  to  prevent  moisture  from 
clouding  the  pellet. 

Initial  attempts  to  use  a  Wig-L-Bug  device  to  thoroughly  mix  sample  and 
KBr  proved  unsatisfactory — inexplicable  clouding  occurred,  even  in 
thoroughly  dried  containers.  A  successful  method  finally  used  involved 
gentle  but  thorough  grinding  in  a  mortar  and  pestle.  Some  experimentation 
was  necessary  to  determine  the  right  concentration  to  yield  a  measurable 
peak. 

Two  methods  of  measurement  were  used,  both  giving  comparable  results. 

The  first  method  involved  plotting  an  air  vs.  air  baseline,  then 
obtaining  both  blank  KBr  pellet  and  sample  KBr  pellet  traces.  At  the 
sample  peak,  the  blank  reading  was  subtracted.  In  the  second  method, 
a  baseline  was  obtained  with  blank  KBr  pellets  in  each  beam.  When  the 
sample  pellet  was  substituted  on  the  sample  side,  the  absorbance  at  the 
peak  could  be  read  directly. 

Thickness  of  the  pellets  was  measured  with  a  micrometer  and  calculations 
made  as  noted  in  Table III-6.  These  findings  confirm  the  tentative  con¬ 
clusions  noted  earlier. 


4 .  Laboratory  Demonstration. 

The  thermal  imaging  equipment  required  for  laboratory  demonstration  of  the 
practical  utility  of  the  UV  illumination/thermal  imaging  sampling  protocol 
was  rented  from  Infraoetrics,  Inc.  for  one  week.  Using  this  equipment  and 
UV  illumination  sources  already  on  hand  in  Arthur  D.  Little,  Inc.  labora¬ 
tories,  we  were  able  to  observe  the  presence  of  small  quantities  of  solid 
analyte  on  all  of  the  available  surface  types  of  interest  except  brick. 
However,  the  observed  contrast  between  analyte  and  surrounding  surfaces 
was  less  than  would  be  desirable  for  routine  field  use.  Independent 
measurements  indicated  that  the  power  output  of  the  UV  illumination  sources 
used  was  on  the  order  of  150  microwatts  to  1  milliwatt,  which  is  less 
than  that  assumed  In  calculations  above.  Substitutions  of 
the  experimental  values  for  UV  power  output  in  those  calculations 
results  in  a  predicted  temperature  rise  on  the  order  of  that  which 
was,  in  fact,  observed.  Thus,  while  these  experiments  confirm  the 
practical  utility  of  the  method,  they  also  indicate  that  for  optimum 
performance  a  UV  illumination  source  having  a  higher  power  output  in 
the  desired  wavelength  region  should  be  used.  We  expect  that  a  UV 
source  with  the  desired  performance  characteristics  and  operational 
characteristics  that  would  permit  its  safe  use  under  field  conditions 
can  be  obtained  commercially. 
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X  macropellet  thickness  in  cm 


E.  ANALYTE  DETECTION  USING  UV  IRRADIATION  AND  UV  PHOTOGRAPHY: 


I .  Background, 

UV  light  directed  at  analytes  present  on  a  surface  may  be  1)  transmitted, 
2)  reflected,  or  3)  absorbed.  Measurement  of  the  temperature  rise 
resulting  from  UV  absorption  is  the  principle  underlying  the  thermal 
imaging  approach.  Any  UV  absorption  will  necessarily  be  accompanied  by 
a  decrease  in  the  UV  reflectance,  and  observation  of  the  latter  quantity 
may  also  be  a  feasible  detection  method.  In  this  case,  surfaces  on  which 
analytes  are  present  would  appear  as  dark  areas  against  a  lighter  back¬ 
ground  when  illuminated  with  a  UV  source  and  viewed  with  a  UV  selective 
detector.  The  detector  could  consist  simply  of  black  and  white  film  in  a 
large  format  camera  equipped  with  a  UV  filter  centered  on  or  about  250C 
Angstroms.  The  advantages  of  this  approach  would  include  the  simplicity 
and  ease  of  operation  of  the  required  equipment  and  the  fact  that  the 
resulting  photographs  could  be  maintained  as  a  permanent  record  of 
the  investigations. 


2 .  Preliminary  Experiments. 

Two  types  of  experiments  were  performed  to  assess  the  practical  utility 
of  this  approach.  In  one  experiment,  the  diffuse  UV  reflectance  from 
a  concrete  surface  to  which  60  ug/cm2  of  2,4-DNP  were  added  was  measured 
in  a  UV  spectrophotometer.  About  a  59%  reduction  in  reflectance  at 
3600  Angstroms  was  observed.  This  observation  suggested  that  for 
concrete  and  probably  for  other  surface  types  as  well,  the  anticipated 
effects  were,  in  fact,  observed  and  that  the  measurements  could 
probably  also  be  made  at  much  lower  analyte  concentrations- 


In  a  second  set  of  experiments,  UV  photographs  of  several  analytes 
spiked  on  surfaces  were  obtained.  Figure  I 1 1—7  is  a  photograph  showing 
the  contrast  obtained  for  2 , 4-dinltrophenol ,  tetryl,  2 ,6-dinitro- 
toluene,  RDX  and  TNT  in  1.3  x  10"4  g/cm2  amounts  on  a  thin  layer 
chromatography  silica  gel  substrate.  The  photograph  was  obtained  using 
a  2400  A  filter  and  a  Ziess  HB0  200  W  source  with  the  glass  lens 
removed . 

Figure  III-8  shows  the  concentration  sensitivity  for  differing  amounts 
TNT,  tetryl  and  2 , 4-dinitrophenol  on  concrete  using  a  3650  A  filter. 

The  top  row  has  concentrations  of  approximately  6  x  10“5  g/cm2  for  each 
material  (including  the  amount  lost  by  diffusion  into  the  substrate). 
The  second  row  has  about  twice  the  amount  of  TNT  and  half  the  amounts 
of  tetryl  and  2 , 4-dinitrophenol  although  the  spot  size  i-s  somewhat 
variable . 

Characteristics  of  the  UV  irradiation  and  viewing  filter  would  have  to 
be  optimized  for  maximum  contrast.  Additional  experiments  using 
different  UV  illumination  sources  and  narrow  bands  pass  UV  filters  were 
performed  to  establish  the  optimum  conditions  for  UV  photography. 
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The  camera  and  lens  for  these  experiments  consisted  of  long  bellows 
Bausch  and  Lomb  microscope  camera  that  could  be  converted  to  a  horizontal 
position.  The  camera  has  a  variable  shutter  to  which  we  could  attach 
a  simple,  250  mm  focal  length,  quarts  lens.  A  variable  iris  was  used 
to  reduce  the  aperture  and  thus  effectively  increase  the  depth  of 
field.  This  procedure  compensated  for  the  change  in  effective  fooil 
length  encountered  when  focussing  with  visible  light  then  photograph¬ 
ing  at  a  shorter  wavelength,  thus  throwing  the  image  out  of  focus. 

This  camera  has  a  4  x  5  sheet  film  format  with  which  we  used  Polaroid 
P/N  55  sheet  film  providing  both  the  positive  print  and  a  negative.  The 
film  is  a  slow  high  resolution  type  film  with  apparent  adequate  sen¬ 
sitivity  to  the  ultraviolet  to  allow  a  relatively  short  exposure  time. 

Five  seconds  was  adequate  with  the  2ei3s  lacip. 

The  experiments  described  previously  utilized  a  high  pres¬ 
sure  mercury  arc  (Zelsr.  HBO  ?0C  Watt)  which  produces  a  substantial 
amount  of  energy  centered  on  me  365  nm  mercury  emiasion  line.  This 
radiation  was  selectively  transmitted  to  the  camera  lens  wich  the  use  of 
a  barrier  filter  with  a  maximum  transmission  at  365  nm, 

In  additional  experiments,  a  Kineralite  Model  R-6l  source  was 
obtained  for  evaluation.  This  is  a  lou  pressure  mercury  lamp  which  is 
reported  vn  have  a  higher  intensity  cf  254  nm  radiation.  This  lamp  is 
of  particular  interest  as  a  radiation  source  for  the  thermal  imaging 
experiments  where  it  is  esaencial  to  optimize  the  absorption  of 
radiation  to  achieve  the  maximum  tubsequent  thermal  emission.  With 
thia  lamp  as  a  lig'nc  source,  a  series  of  photographs  were  taken  of  the 
test  spots  of  explosive*  on  various  substrates  using  different 
barrier  filters-  Experimentally  it  was  determined  that  a  10-minute 
exposure  was  required  to  produce  an  adequate  image  using  a  254  nm 
band  pass  barrier  filter  over  the  comer*,  lens. 

The  results  of  these  experiments  are  shown  in  TabJe  III—  7 . 

These  data  indicate  that  it  takes  a  much  longer  exposure  interval  to 
obtain  a  suitable  image  with  cho  shorter  254  nm  radiation.  Tilts  would 
not  be  a  significant  handicap  if  there  were  a  distinct  advantage  to  be 
gained.  However,  we  ohserve  approximately  the  same  level  of  gray  image 
for  each  of  the  representative  substrates  for  both  radiation  sources. 

Lri  ordet  to  successfully  photograph  any  explosive  residue,  It  is  obvious 
that  the  image  must  appear  darker  than  the  ba-kground  or  substrate  material. 
In  our  evaluation  we  have  applied  the  explosive  compound  to  silica  thin 
layer  chromatography  substrates  as  a  standard  of  comparison.  A  good 
contrast  imege  was  obtained  for  most  of  the  explosives  on  this  substrate 
and  50  microgr&m  spots  could  be  detected  for  most  of  the  compounds . 
Nitroglycerine  and  PKTN  did  not  absorb  at  this  wavelength  and  do  not 
phocograpii  well  under  these  conditions. 


^Ultraviolet  Products,  Inc,,  South  Pasadena,  CA 


4  7 


A'thur  01. Pile  Inc 


TABLE  1 1 1— 7  .  RESULTS  CF  UV  PHOTOGRAPHIC  EXPERIMENTS 


High  Pressure 

Hg  Arc 

Low  Pressure 

Radiation  Source 

Hg  Arc.  Zeiss 

Hg  Arc.  Mineralice 

Moit  intense  UV  radiation 

Optimum  barrier  filter  for  camera 

Exploaure  level  (film  response) 

Substrate  Reiponaei 

Silica t  Chromatograph  place 

Concrete  block 

Trans  ite 

Galvanized  stell 

Brick 

Wood 

Glass 


365  nM 

254  nM 

365  nM 

254  nM 

5  seconds 

10  minutes 

White 

White 

Light  gray 

Light  grey 

Medium  gray 

Medium  gray 

Reflective 

Reflective 

Dark  gray 

Dark  gray 

Dark  gray 

Dark  gray 

Black 
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Typical  examples  of  these  results  are  shown  in  attached  photographs. 

These  photographs  were  taken  using  the  low  pressure  mercury  source  with 
an  exposure  of  10  minutes.  Figure  III-9  was  taken  with  the  365  nm  trans¬ 
mission  filter  over  the  lens.  We  note  excellent  contrast  for  DNP,  tetryl 
and  TNT.  Figure  II1-1Q  shows  the  effect  of  using  the  254  nm  tansmission 
filter  which  changes  the  focal  length  with  the  shorter  wavelength. 

It  Is  interesting  to  note  that  the  DNP  and  tetryl  have  less  contrast  at 
this  shorter  wavelength,  while  RDX  has  slightly  better  contrast. 

Figure  1X1-10  includes  a  sample  of  transite  containing  50  micrograms  quantities 
of  applied  explosives.  Recognizable  spots  are  noted  for  DNP,  tetryl,  RDX 
and  TNT  while  TNB  is  barely  visible. 


It  has  been  reported  that  normal  optical  glass  will  transmit  enough  365  nm 
radiation  that  suitable  photographs  can  be  produced  with  a  conventional 
camera  lens.  However,  this  would  be  a  less  than  optimum  condition  and 
totally  ineffective  for  the  254  nm  radiation  and  therefore  not  investi¬ 
gated. 

Taken  together,  these  results  suggest  that  further  investigation  of  this 
approach  appears  to  be  warranted.  In  particular,  it  would  be  desirable 
to  evaluate  under  actual  field  conditions  the  ability  of  this  approach 
to  detect  those  analytes  for  which  these  experiments  indicate  it  is  best 
suited. 
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Figure  I I 1-9.  Analytes  on  Silica  Gel  and  Metal.  365  run 


figure  III-10.  Analytes  on  Silica  Gel  (top)  and  Transite  (bottom)  .  254  nm 
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IV.  QUANTITATIVE  METHODS  DEVELOPMENT 
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A.  INTRODUCTION 

The  quantitative  method  selected  for  developmental  testing  involved 
solvent  extraction  using  alternative  procedures  to  conventional  wipe 
or  swab  methods.  Existing  USATHAMA  methods  for  the  determination  of 
explosives,  modified  as  necessary  for  this  particular  application,  were 
used  for  analysis  of  the  resulting  extract. 

The  objective  of  this  testing  was  development  of  procedures  for  quanti¬ 
tative  determination  of  specific  compounds  down  to  concentrations  as 
low  as  5  ug/10  cm^.  The  approach  used  to  achieve  this  objective  involved 
in  each  case  the  spiking  with  known  amounts  of  analytes  of  new,  uncon¬ 
taminated  samples  of  each  of  the  surface  types  of  interest  obtained  from 
building  materials  dealers.  The  samples  of  conductive  non-sparking 
flooring  that  were  available  for  this  study  were  known  to  have  been  con¬ 
taminated  with  explosives/explosive  residues,  thereby  precluding  the 
spike  and  recovery  approach.  The  results  obtained  by  applying  the 
procedures  developed  for  other  surface  types  to  samples  of  this  material 
are  described  in  Section  IV. C. 3. 

At  the  direction  of  the  Technical  Project  Officer,  emphasis  was  placed 
on  the  development  of  procedures  for  organic  analytes.  Methods  based  on 
an  extraction  approach  similar  to  that  described  in  this  report  for 
organic  compounds  are  used  widely  for  the  determination  of  inorganic 
species,  including  those  of  interest  in  this  study,  in  soils,  sediments, 
sludges,  etc.  No  methods  for  inorganic  species  which  would  represent 
substantive  improvement  over  those  methods  were  finally  identified. 

B.  SEMIQUANTITATIVE  CERTIFICATION  TESTING 

Preliminary  semiquantitative  certification  was  accomplished  by  spking 
analytes  into  the  quantity  of  acetonitrile  specified  in  the  existing 
USATHAMA  method  prior  to  any  concentration  or  solvent  exchange  steps, 
and  continuing  through  the  steps  of  the  analytical  method.  The  certifi¬ 
cation  test  involved  analyzing  five  analyte  concentrations  plus  a  blank, 
one  time  each  on  three  or  more  days.  The  resulting  data  is  summarized 
in  Volume  II  of  this  report. 

'Tables  IV-1  ana  IV-2  summarize  the  analytical  method  conditions  and 
the  statistical  data,  respectively.  (Tables  IV-1  and  IV-2  are 
reproduced  as  Tables  1-1  and  1-2  in  Volume  II  of  this  report) . 

C.  QUANTITATIVE  CERTIFICATION  TESTING 
1 .  Introduction 

Quantitative  certification  was  accomplished  as  noted  above  by  spiking 
analytes  in  acetonitrile  solution  directly  onto  new,  uncontaminated 
samples  of  each  of  the  surface  types  of  interest,  extracting  the  spiked 
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TABLE  IV-2 .  SEMIQUANTITATIVE  CERTIFICATION  TESTING 
STATISTICAL  DATA  SUMMARY 


samples  with  acetonitrile  using  ultrasonic  agitation,  and  analytical 
procedures  used  for  preliminary  certification.  The  analytical  methods 
that  we  developed  were  evaluated  according  to  the  procedures  specified 
in  the  1980  USATHAMA  QA  Plan.  The  resulting  data  is  summarized  in. 
Volume  II  of  this  report. 

2 .  Analytical  Methods 

The  analytical  procedures  that  were  developed  and  evaluated  are 
described  in  detail  on  pages  76  through  87  of  Volume  I  of  this  report. 
(These  analytical  methods  are  also  presented  on  pages  46  through  57 
of  Volume  II  of  this  report. 

3 .  Results  and  Discussion 

Table  IV-3  summarizes  the  statistical  data  obtained  from  Quantitative 
Certification  Testing.  (Table  IV-3  is  reproduced  as  Table  11-i  in 
Volume  II.) 

As  noted  above  (Section  IV. A),  the.  samples  of  conductive  non-sparking 
flooring  that  were  available  for  this  study  were  known  to  have  been 
^contaminated  with  explosi ves/explosive  residues,  thereby  precluding 
quantitative  certification  testing.  Instead,  the  analytes  of  interest 
were  determined  in  these  samples  by  the  methods  described  in  Section 
III.C.2. 


Two  samples  of  conductive  nen-sparking  flooring  from  an  operating 
explosives  building  were  received  from  Dr.  Harold  J.  Matsuguma,  Chief, 
Chemistry  Branch,  Energetic  Materials  Division,  ARADCOM.  One  sample 
consisted  of  a  single  large  sheet  about  two  square  feet  in  area  which 
reportedly  represents  a  commonly  used  roll  material.  The  other  sample 
consisted  of  several  small  chunks  which  reportedly  represent  another 
conductive  coating  which  is  trowelled  ontc  a  floor  and  allowed  to 
harden. 


Of  the  analytes  of  interest  in  this  study,  these  samples  were  reportedly 
exposed  to  RDX,  TNB,  TNT,  tetryl,  and  ?ETN.  Two  subsamples,  each 
approximately  10  cur  in  area,  of  each  of  the  two  flooring  types  were 
extracted  with  acetonitrile  using  ultrasonic  agitation  and  the  analytes 
RDX,  TNB,  TNT,  and  tetryl  were  determined  in  the  resulting  extracts. 

The  results  of  these  analyses  are  presented  in  Table  IV-4 . 


Analysis  of  wood  samples  spiked  with  explosives  using  these  analytical 
methods  met  with  mixed  results.  For  many  samples,  analyte  detection 
limits  and  recoveries  comparable  to  those  obtained  for  other  analyte- 
surface  combinations  were  obtained.  However,  in  certain  saraples  large 
interfering  peaks  which  precluded  identification  and  quantification  of 
the  analytes  of  interest  were  observed.  These  interferences  appeared 
unpredictably  among  subsamples  taken  from  a  single  piece  of  kiln-dried 
dimension  lumber  obtained  from  a  local  building  materials  dealer,  and 
are  presumed  to  be  due  to  naturally-occurring  compounds  distributed 
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TABLE  I V-  3 .  QUANTITATIVE  CERTIFICATION  TESTING  STATISTICAL  DATA  SUMMARY 


Me  ta  1 

Concrete 

Brick 

Transite 

D.L. 

ug/cm2  ; 

X  Rec 

D.L. 

ug/cm2  %  Rec 

D.L. 

ug/cm2  %  Rec 

D.L. 

ug/cm2  %  Rec 

DNP 

0.33 

96% 

1.74 

31% 

1.59 

55% 

2.22 

34% 

(0.35 

34%)2 

(1.15 

30%) 2 

RDX 

0.25 

96% 

0.63 

78% 

2.11 

72% 

3 . 48 

67% 

(0.80 

82%)  2 

TUB 

0.28 

9o^, 

0.98 

75% 

2.12 

74% 

3.46 

59% 

(0.76 

7 1  % ) 2 

2,4-DNT 

0.90 

84% 

1.08 

OO 

r- 

2.10 

69% 

3.52 

65% 

(0.62 

79%) 2 

2,4, 6 -TNT 

0.60 

97% 

1.57 

74  % 

1.68 

66% 

3.18 

51% 

(0.68 

60%) 2 

Tetrvl 

1.95 

88% 

4.29 

51% 

2.60 

68% 

4.13 

j6% 

DPA 

0.50 

94% 

2.44 

74% 

2.14 

69% 

3.71 

67% 

<1.15 

84%  f 

(0.90 

82%)2 

2,6-DNT 

2.85 

94% 

6.46 

86% 

6.36 

49% 

2.04 

79% 

NG 

9.36 

94% 

21.7 

76% 

32.5 

44% 

26.1 

CM 

PETN 

10.2 

86% 

5.39 

03 

20.6 

62% 

10.0 

82% 

1  ■  —  —  ■  - - ■  ~ 

1  Calculated  from  four  days  of  target  vs.  found  concentrations  using  the 
procedures  specified  in  the  1980  USATHAMA  QA  Plan. 

7  Calculated  from  three  days  of  target  vs.  found  concentrations. 
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QUANTITATIVE  METHOD  FOR  THE  DETERMINATION  OF  DNP . 
RD>; ,  TNB,  2,4-DNT,  TNT ,  TETRYL.  AND  DPA  ON'  SURFACES 


1.  Application 

Me'.hod  used  to  extract  the  following  compounds  from  metal,  brick,  concrete, 
Crane  it#  uurfaccs  : 


2  ,  ->  ,-dinitrophenol  DNP 
cyclotrirMthylenetrini  tramine  RDX 

1 . 3 . 5- trinitrobenrene  TNB 

2 ,4-dlnitrotoluene  2,4-DNT 

2 . 4 . 6- trini tro toluene  2,4,6-TNT 

2 .4 .6- tr 1 nitrophcnylmethylnitramine  Tetryl 
d iphenylutninu  DPA 


A .  Tested  Concentration  Range 


DNP 

0.25 

ug/cm2 

RDX 

0.25 

ug/cm; 

1NH 

C  .25 

ug/cm2 

2,4-DNT 

0.25 

ug/ cm2 

TNT 

0.25 

ug/cm2 

Tetryl 

0.25 

ug/ cm2 

DPA 

0.25 

Mg/cra2 

5.00  ug/cm2 
5.00  ug/cm* 
5.00  ug/cm2 
5.00  ug/cm2 
5.00  ug/cm2 
5.0 0  ug/cm2 
5.00  ug/cm? 


^.u,  jQjtfVU.yiiiy 

Instrument  response  fur  each  analyte  la  given  below: 


dOti/iJ. 

Concwntratlon 

Ras  potion 

DNP 

25.04  ng/mE 

3700  area  uni ti 

KDX 

24,90  ng/r.il. 

2  36 B  area  units 

1  Nit 

24,97  ng/ir.I, 

4437  area  unit* 

2  .  4  DN'I 

24,99  ng/ml. 

6090  aces  unite 

1  N’T 

24.  VI  ng/ml. 

4104  ares  units 

1  1 1  y  1 

25,30  ng/ml, 

24.91  ng/roJ, 

2995  ares  unit 

Dl  A 

2101  ares  units 

i., 

I v fc  table  1 1 - 1 . 


J^.  )  i.lfcl  jfl  e  I.  ng 

!  feMwtti,  um  ;i*s»«i|i.  In  mv  bi  1  -V  and  ImuiIu  samples  wut  ap|aioiOl 
4  n  ?1  ■  mi  |  ■»  liiei  Ilian  syet  em«li>.  .  I -m  *•  aamp  1 e ,  l!>®  lll'l.L  analysis  ul 
bUw.Uoii  h  of  uin  b  1  an  t  ( ui.«|>  1  ^  ¥<J )  b  i  cV  tui  U'  «  ImtMi  tuJ  Fl1,  V  i 


B 

n 


f 


indicated  the  presence  of  a  compound  with  a  retention  time  of  1510 
seconds.  This  compound  interfered  with  the  TNT.  However,  this 
interference  was  not  observed  in  any  other  blank  brick  sample. 
Therefore,  only  the  brick  samples  analyzed  on  Feb  9  were  corrected 
for  the  interference. 

E.  Analysis  Rate 

Six  samples  can  be  extracted  and  prepared  for  analysis  in  three  hours. 
Rate  of  analysis  is  given  below,  excluding  calibration  standards: 


DNP 

8 

samples 

in 

an 

8 

hour 

day 

RDX 

8 

samp les 

in 

an 

8 

hour 

day 

TNB 

8 

samples 

in 

an 

8 

hour 

day 

2,4-DNT 

8 

samples 

in 

an 

8 

hour 

day 

TNT 

8 

samples 

in 

an 

8 

hour 

day 

Tetryl 

8 

samples 

in 

an 

8 

hour 

day 

DPA 

8 

samples 

in 

an 

8 

hour 

day 

2.  Chemistry 

2,4 ,-dinitrophenol  C6H4N205 
CAS  RN  51-28-5 
MP  112-13 4C 

Cyclotrimethylenetrinitramine  C3H6N606 
CAS  RN  121-82-4 
MP  205-206C 

1.3.5- trinitrobenzene  C6H3N306 

CAS  RN  99-35-4 

MP  122. 5C 

2 ,4-dinitrotoluene  C7H6N2U4 
CAS  RN  121-14-2 
MP  7 1C 

2.4.6- trinitrotoluene  C7H5N3Q6 
CAS  RN  118-96-7 

MP  80. 1C 

2.4. 6- trinltroph',uylmeth/lnitramiiie 
CAS  RN  479-45-6 

Ml’  1  30C  Explode*  187C 

•i  Cl'”ll  1  N 

Usr.  RN  )  22-39-4 
Ml'  53-  54C  C.l'  30,’C 


i 


77 


Arthur  D  little,  Iru. 


A. 


Ins  trumenta  tion 


Waters  Associates  Model  6000A  Solvent  Delivery  System 
Waters  Associates  Model  M-45  Solvent  Delivery  System 
Waters  Associates  Model  660  Solvent  Programmer 
Waters  Associates  Model  440  Absorbance  Detector 
Waters  Associates  Intelligent  Sample  Processor  (WISP) 
Spectra-Physics  Minigrator 
Hewlett  Packard  7133A  Recorder 

B.  Parameters 


Column:  Spherisorb  ODS  5u,  250  x  4.6  mm  ID 
Precolumn:  Pellicular  LC-18,  40y,  50  x  4.6  mm  ID 
Solvent  System:  linear  gradient 

Initial:  30/70  CH3CN/O.O8  M  acetic  acid  adjusted 
to  pH  3-1  with  NH4OH 

Final:  50/50  CH3CN/O.O8  M  acetic  acid  adjusted 

to  pH  3.1  with  NH4OH 
Time:  35  minutes 

Detector:  UV  at  254  am 
Flow  Rate:  1.0  mL/min 
Attenuation:  0.01  AUFS 
Injection  Volume:  100  uL 

C.  Hardware/Glassware 


Westinghouse  Ultrasonic  cleaner 

8  ounce  jars  with  teflon  lined  caps 

2?  tnL  graduated  cylinders 

roicroliter  syrlngea 

volumetric  fluskc.  -  50,  10,  5  ml 

vials  -  WISP  and  14  raL,  with  teflon  lined  caps 

D.  Chemicals 


acetonitrile,  HPLC  grade 
nitrogen 
acetic  acid 
ammonium  hydroxide 

Standard  Analytical  Reference  Material  for  euc.li  analyte 
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4.  Standards 


R 

g 


r 
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A.  Calibration  Standard 


Stock  Solution  A:  DNP ,  RDX,  TNB ,  2, 4-DOT,  TOT,  TETRYL,  DPA 
Prepare  individual  stock  solutions  of  5.0  mg/mL.  Combine 
500  uL  individual  stocks  and  dilute  to  5  mL. 

Stock  Solution  B: 

Dilute  625  uL  Stock  Solution  A  to  5  mL.  Concentration  is  62.5 
ug/raL  of  each  analyte 

Calibration  standards  prepared  in  25  mL  volumetries  adding  H20 
so  final  solution  is  55 7,  ^0/452  CH3CN: 

Cal  Std ■  uL  Stock  B  Added  Concentration  Each  Analyte 


1 

10 

25.0  ugL 

2 

20 

50.0  ugL 

3 

40 

100.0  ugL 

4 

80 

200.0  ugL 

5 

200 

500.0  ugL 

6 

400 

1000.0  ugL 

B.  Control  Spikes 


Spiking  stock  solutions  were  prepared  using  0.5  mg/mL  stock  solution. 


uL  Stock  Soln/x  mL  CH^CN 

125  uL/10  mL 
250  uL/10  mL 
500  uL/10  mL 
500  uL/5  mL 
625  uL/5  mL 
1250  uL/5  mL 
2500  uL/5  mL 

400  pL  6.2,  12.5,  25.0,  62.5, 
concrete  and  metal  surfaces. 


Concentration  Each  Analyte 

6 . 2  mgL 
12.0  mgL 
25.0  mgL 
50.0  mgL 
62.5  mgL 
125.0  mgL 
250.0  mgL 

125.0  mgL  Stock*  spiked  onto  10  cm 


200  uL  12.5,  25.0,  50.0,  125.0,  250.0  ragl.  stocks  spiked  onto  10  cm2 
brick  and  cransite  surfaces. 


Concentration  of  analytes  on  sur.'ace  after  spiking:  2.5  ug,  5.0  ug, 
10.0  ug,  25.0  ug ,  50  ug. 
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5.  Procedure 


Extraction  A 


1.  Spike  10  cm2  surface  sample  with  acetonitrile  spike  solution 
(volume  dependent  on  surface  type).  Allow  solvent  to  evaporate. 

2.  Transfer  sample  to  8  ounce  jar  and  add  20  mL  CH3CN.  Cover  Jar 
with  teflon  lined  cap. 

3.  Sonicate  for  10  minutes. 

4.  Transfer  extract  A  to  50  mL  volumetric  flask,  add  27  mL  0.08  M 
acetic  acid  and  bring  to  volume  with  CH3CN.  Save  surface 
sample  for  extraction  B. 

Extract  A  ready  for  analysis. 


Extraction  B 

1.  Add  20  raL  CH3CN  to  jar  with  surface  sample.  Sonicate  for  10  minut 

2.  Transfer  surface  sample  to  a  second  Jar.  Add  20  mL  CH3CN  and 
sonicate  for  10  minutes  more. 

3.  Combine  extracts  from  steps  I  and  2  and  evaporate  using  nitrogen 
to  less  than  5  mL. 

4.  Transfer  evaporated  extra-';  to  10  mL  volumetric  flask.  Add  5.5 
mL  to  0.08  M  acetic  acid  and  bring  to  volume  with  CH3CN. 

Extract  B  ready  for  analysis. 

6.  Calculations 


Calculate  found  concentration  for  each  analyte  in  each  sample  extract 
from  daily  calibration  data. 

Multiply  found  concentration  by  extract  volum.*  to  find  total  ug  in  extract 
Combine  total  ug  in  extracts  A  and  B  to  find  total  ug  on  surfnct. 

7.  References 

Inking*,  D.B.,  bake-,  R.J.,  and  Ctook,  M.V.,  "Precision  end  Accuracy 
Assessment  of  the  High  Performance  liquid  Chromatographic  Analytical 
Technique  for  the  Detcrmiim.v'or  of  D1  ni  trophunol  \.*NP)  ;  Cyclott  ime  thy  lone 
trlnitramine  (RDX) ;  1 ,  3-Dlnitrobtnzeue  1 , 3 , 5-'i'r  ini  trcbenzenfe  (1  NL>  ^  ; 

2,4-Dlnitrotoluene  (2,4-DNT);  Trinj  crotolucnc-  (TNI)  i  2,4,6-Tj  inltrophenyl- 
irathy  initramine  (Tc^ry));  and  Dlpheny lari  ne  (i)PA)",  Midwest  Research. 
Institute  Technical  Report  No.  1,  US4THAMA  Contract  No.  ttVX.ll- 8I-C-000 7 , 
March,  1981, 
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QUANTITATIVE  METHOD  FOR  THE  DETERMINATION'  OF 

2,6-DNT  ASP  NG  ON  SURFACE? 


Application 

Msthod  used  to  extract  the  following  compounds  from  metal,  brick,  con¬ 
crete,  transits  surfaces: 

2.6- dioitrotoluene  2,6-DNT 

nitroglycerine  HG 

Ac .  Tesitfd  Concentration  Range 

2 . 6- DNT  1.00  ug/cm2  to  20. CO  ug/cra2 

NG  12.50  ug/cm2  to  125.00  pg>cm2 

_B. _ Sensitivity 

Instrument  ceeponGe  for  each  aw lyre  is  given  below: 

Analyte  Co  ncontration  Response _ 

2,6-ONT  0.10  I'g/mL  106750  area  units 

NG  1.25  vg/mL  166010  area  units 


I 


xt, See er.tiori  Limit 
See  Table  U-l. 


D.  Interferences 


r»  No  interferenceB  were  observed 

£ 

IL. _ Analysis  Race 

Six  sampi-ts  can  be  extracted  and  prepared  for  analysis  in  three 
hours.  Race  of  analysis  is  given  below  excluding  calibration 
standards : 

2,6-DNT  16  Samples  in  an  8  hour  day 

NG  16  semples  In  an  8  hour  day 


2 . _ Chemlatry 

2,6 'dinitrotoluere  C7H6N2Q4 
as  RN  606-20-2 
MP  66C 

f  Nitroglycerine  C3H5N.109 

CAS  RN  55-63-0 
M P  Stable  foio:  13.5C 
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3.  Apparatus 


B 


* 


A.  Instrumentation 

Beckman  Model  11 OA  Solvent  Metering  Pump 
..aters  Associates  Model  450  Variable  Wavelength  Detector 
Waters  Associates  Model  U6K  Injector 
Hewlett  Packard  3390A  Integrator/Recorder 

B.  Parameters 


Column:  Spherisorb  ODS,  5u,  250  x  4.6  mr  ID 
Precclumn:  Pellicular  LC-18,  40  u,  50  x  4.6  ram  ID 
Solvent  System:  35/65  CH3CN/O.OO5  m  t-butyl  ammonium  hydroxide, 
pH  6.5.  adjusted  with  IN  H3P04 
Detector:  UV  at  230  nm 
Flow  Rate:  1.0  mL/min 
Attenuation:  0.01  AUFS 
Injection  Volume:  100  pL 

C.  Hardware /Glassware 

Westinghouse  Ultrasonic  cleaner 

8  ounce  jars  with  teflon  lined  caps 

25  mL  graduated  cylinders 

microliter  syringes 

volumetric  flasks  -  50,  10,  5  mL 

vials  -  WISP  and  14  mL,  with  teflon  lined  caps 

D.  Chemicals 

Acetonitrile,  HPLC  grade 

nitrogen 

phosphoric  acid 

t-butyl  ammonium  hydroxide 

Standard  Analytical  Reference  Material  for  each  analyte. 

4 .  Standards 


A.  Calibration  Standards 

Prepare  individual  stock  solutions: 
5  mg/mL  2,6-DNT 
50  mg/mL  NO 
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Stock  Solution  A: 

Combine  200  uL  2,6-DNT  itock  and  250  uL  NG  stock  and  dilute  to 
10  mL  CH3CN.  Concentration  is  0.1  mg/raL  2,6-DNT  and  1.25  rag/mL 
NG. 


Calibration 

standards  prepared  in  10  mL  volumetric  flasks 

adding  50% 

H20/50%  CH3CN. 

Cal  Std. 

yL  Stock  A 

added  2,6- 

-DNT 

NG 

1 

10 

0.1 

yg/mL 

1.2  yg/mL 

2 

20 

0.2 

yg/mL 

2.5  yg/mL 

3 

40 

0.4 

yg/mL 

5.0  yg/mL 

4 

80 

0.8 

yg/mL 

10.0  yg/mL 

5 

200 

2.0  yg/mL 

25.0  yg/mL 

B. 

Control 

Spikes 

Spike  Solutions  prepared  following  chart  below: 

Dilute  with 

Spike 

Solution 

Amount  Stock 

CH-^CN  to 

Concentration 

1 

1  mL  of  5  mg/mL  2,6-DNT 

5  mL 

1  mg/mL  2,6-DNT 

2 

0.5  mL  of  5 

mg/mL  2,6-DNT 

5  mL 

0.5  mg/mL  2,6-DNT 

3 

0. 5  mL  of  5 

mg/mL  2,6-DNT 

5  mL 

0.5  mg/mL  2,6-DNT 

0.625  inL  of 

50  rag/mL  NG 

6.25  mg/ml  NG 

4 

0.250  mL  of 

5  mg/mL  2,6-DNT 

5  mL 

0.25  mg/’raL  2,6-DNT 

0.312  mL  of 

50  mg/mL  NG 

3.12  mg/mL  NG 

5 

0.200  mL  of 

5  rag/mL  2,6-DNT 

5  mL 

0.20  mg/mL  2,6-DNT 

0. 250  mL  of 

50  mg/mL  NG 

2.50  mg/mL  NG 

6 

0.200  mL  of 

5  mg/mL  2,6-DNT 

10  mL 

0.10  mg/ml  2,6-DNT 

0.250  mL  of 

50  mg/mL  NG 

1.25  mg/mL  NG 

7 

0. 100  mL  of 

5  mg/mL  2,6-DNT 

10  mL 

0.05  mg/ml  2,6-DNT 

0.125  mL  of 

50  mg/mL  NG 

0.62  mg/mL  NG 

8 

0 . 025  mL  of 

5  mg/mL  2,6-DNT 

5  mL 

0,025  mg/mL  2,6-DNT 

0.031  mL  of 

50  mg/mL  NG 

0.31  mg/mL  NG 

400 

and 

yL  of  spike  solutions  8,  7, 
metal  surfaces 

6, 

4, 

2  spiked  onto 

10  cm2  concrete 

200 

and 

uL  of  spike  solutions  7,  6, 
translte  surfaces 

5, 

3, 

1  spiked  onto 

10  cm2  brick 

83 


Arthur  I)  Little  Inc 


Concentration  on  surface  after  spiking: 

NG  -  125  pig,  250  ug,  500  ug,  1250  ug 

2,6-DNT  -  10  ug,  20  ug,  40  ug,  100  ug,  200  ug. 

5.  Procedure 


Extraction  A 


1.  Spike  10  cm2  surface  sample  with  acetonitrile  spike  solution  (volume 
dependent  on  surface  type).  Allow  solvent  to  evaporate. 

2.  Transfer  sample  to  8  ounce  jar  and  add  20  mL  CH3CN.  Cover  jar 
with  teflon  lined  cap. 

3.  Sonicate  for  10  minutes. 

4.  Transfer  extract  A  to  50  mL  volumetric  flask,  add  25  mL  1^0 
and  bring  to  volume  with  CH3CN. 

Save  surface  sample  for  Extraction  B. 

Extraction  B 


1.  Add  20  mL  CH3  CN  to  jar  with  surface  sample.  Sonicate  for  10 
minutes, 

2.  Transfer  surface  sample  to  a  second  jar.  Add  20  mL  CH3 CN  and 
sonicate  for  10  minutes  more. 

3.  Combine  extracts  from  steps  1  and  2  and  evaporate  using  nitrogen 
to  less  than  5  mL  . 

4.  Transfer  evaporated  extract  to  10  mL  volumetric  flask.  Add  5.0 
mL  0  and  bring  to  volume  with  CH  CN.  Extract  B  ready  for 
analysis. 

6.  Calculations 


Calculate  found  concentration  for  each  analyte  in  each  sample  extract 
from  daily  calibration  data. 

Multiply  found  concentration  by  extract  volume  to  find  total  ug  in  extract. 
Combine  total  ug  in  extracts  A  and  B  to  find  total  ug  on  surface. 

7.  References 


Lakings,  D.B.,  Baker,  R.J.  ,  and  Crook,  M.V.  ,  "Precision  and  Accuracy  Assess¬ 
ment  of  the  High  Performance  Liquid  Chromatographic  Analytical  Technique 
for  the  Determination  of  Nitrobenzene  (NB) ,  2 , 6-Dinitrotoluene  (2,6-DNT), 
Nitroglycerin  (NG) ,  and  Picric  Acid  (PA),  Midwest  Research  Institute 
Technical  Report  No.  2,  USATHAMA  Contract  No.  DAAK11-81-C-0007,  May ,  1981. 
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QUANTITATIVE  METHOD  FOR  THE  DETERMINATION 
OF  PETN  ON  SURFACES 


1.  Application 

Method  used  to  extract  pentaery thrite  tetranitrate  (PETN)  from  metal, 
brick,  concrete,  transite  surfaces. 

A.  Tested  Concentration  Range: 

PETN  5.0  ug/cm2  to  100,0  ug/cm2 

B.  Sensitivity 

Instrument  response  for  PETN  is  given  below: 

Concentrat ion  Response 

0.50  ug/mL  98025  area  units 

C.  Detection  Limit 
See  Table  II-l. 

D.  Interferences 


There  were  no  interferences. 

E.  Analysis  Rate 

Six  samples  can  be  extracted  and  prepared  for  analysis  in  three 
hours.  Rate  of  analysis  is  given  below,  excluding  calibration 
standards : 


PETN  32  samples  in  an  8  hour  day 


2.  Chemistry 

Pentaerythrite  tetranitrate  C5H8N4012 
CAS  RN  78-11-5 
MP  140-141  C 


3.  Apparatus 

A.  Instrumentation 


Beckman  Model  110A  Solvent  Metering  Pump 
Waters  Associates  Model  450  Variable  Wavelength  Detector 
Waters  Associates  Model  U6K  Injector 
Hewlett  Packard  3390A  Integrator/Recorder 
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|q  B.  Parameters 

Column:  Spherisorb  ODS,  5p,  250  x  4.6  mm  ID 

Precolumn:  Pellicular  LC-18,  40p,  50  x  4.6  mm  ID 

Solvent  System:  65%  CH3CN/35%  H20 

Detector:  UV  at  230  nm 

Flow  Rate:  1.0  mL/min 

Attenuation:  0.01  AUFS 

Injection  Volume:  100  pL 

C.  Hardware/Glassware 

Westinghouse  Ultrasonic  cleaner 
—  8  ounce  jars  with  teflon  lined  caps 

25  mL  graduated  cylinders 
microliter  syringes 
volumetric  flasks  -  50,  10,  5  mL 
vials  -  WISP  and  14  mL,  with  teflon  lined  caps 

- 

D.  Chemicals 
Acetonitrile,  HPLC  grade 

Standard  Analytical  Reference  Material  for  PETN 
4.  Standards 

A.  Calibration  Standards: 

Prepare  stock  solution  as  follows: 

200  pL  of  SARM  (50  rag/mL)_in  10  mL  CH3CN  =  1.0  mg/mL 

* 

Calibration  Standards  prepared  in  10  mL  volumetric  flasks  adding 
50%  H20/50%  CH3CN. 


Cal.  Std 

pi  Stock  added 

Concentration  PETN 

1 

5 

0.5  pg/mL 

2 

10 

1.0  pg/mL 

3 

20 

2.0  pg/mL 

4 

40 

4.0  pg/mL 

5 

100 

10.0  pg/mL 

6 

200 

20.0  pg/mL 
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B.  Control  Spikes 


Spike  solutions 

Spike  Solution 

prepared  following  chart 

Amount  Stock 

below: 

Dilute  with 
CH3CN  to 

Concentration 

1 

12.5  uL  of  50  mg/mL 

5  mL 

0.125  mg/mL 

2 

50  uL  of  50  mg/mL 

10  mL 

0.25  mg/mL 

3 

100  uL  of  50  mg/mL 

10  mL 

0.50  mg/mL 

4 

100  pL  of  50  mg/mL 

5  mL 

1.0  mg/mL 

5 

125  uL  of  50  mg/mL 

5  mL 

1.25  mg/mL 

6 

500  uL  of  50  mg/mL 

10  mL 

2.5  mg/mL 

7 

500  pL  of  50  mg/mL 

5  mL 

5.0  mg/mL 

400  uL  spike  solutions  1,2, 3, 5  and  6  spiked  onto  10  cm2  metal  surfaces 


200  uL  spike  solutions  2, 3, 4, 6, 7  spiked  onto  10  cm2  concrete,  transite, 
and  brick  surfaces. 


Concentration  of  analytes  on  surface  after  spiking:  50  ug,  100  ug,  200  ug, 
500  ug,  1000  ug. 

5.  Procedure 

1.  Spike  10  era2  surface  sample  with  acetonitrile  spike  solution  (volume 
dependent  on  surface  type).  Allow  solvent  to  evaporate. 

2.  Transfer  sample  to  8  ounce  jar. 

3.  Add  12  mL  CH3CN.  Cover  jar  with  teflon  lined  cap.  Sonicate  for  10  min. 

4.  Transfer  extract  to  50  ml  volumetric  flask. 

5.  Repeat  steps  3  and  4  twice,  adding  extracts  to  same  50  mL 
volumetric  flask. 

6.  Rinse  jar  with  17  mL  H2O  and  transfer  to  volumetric  flask. 

7.  Bring  to  volume  with  CH3CN. 

8.  Ready  for  HPLC  analysis. 

6.  Calculations 


Calculate  found  concentration  for  each  analyte  in  each  sample  extract 
from  daily  calibration  data. 

Multiply  found  concentration  by  extract  volume  to  find  total  ug  in  extract. 

7.  References 


None 
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TABLE  IV-4 .  RESULTS  OF  ANALYSES  FOR  RDX,  TNB,  TNT,  AND  TETRYL 
IN  CONDUCTIVE  NON-SPARKING  FLOORING  SAMPLES 


* 


Total  Microgratns 


Sample 

RDX 

TNB 

TNT 

Tetryl 

Roll  Flooring 

48 

ND 

23 

5.4 

Roll  Flooring  (duplicate) 

34 

ND 

7.3 

3.2 

Travelled  Flooring 

1200 

3.6 

890 

ND 

Travelled  Flooring  (duplicate) 

750 

15 

2600 

ND 

ND  *  Not  Detected 

t 
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heterogeneously  throughout  the  wood.  Changes  in  the  sample  preparation 
procedures  or  analytical  conditions  which  would  circumvent  this  problem 
were  not  identified.  In  any  case,  further  developmental  effort  should 
be  based  on  knowledge  of  what  wood  type  (i.e.,  species)  and  conditions 
(age,  moisture  content,  etc.)  best  represent  actual  field  conditions. 
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V.  CONCLUSIONS  AND  RECOMMENDATIONS 


0  Review  of  the  available  literature  suggests  that  available  methods 
for  the  sampling  and  analysis  of  explosives/explosive  residues  have 
been  developed  principally  for  the  identification  of  post-blast 
residue  and  for  the  detection  of  concealed  bulk  explosives.  Most 
of  the  work  in  these  areas  has  been  directed  toward  the  application 
of  classical  spot  test  methods,  thin-layer  chromatographic  methods, 
and  vapor  phase  detection  methods.  None  of  these  methods  satisfies 
all  of  the  Army's  requirements  for  the  sampling  and  analysis  of 
explosives/explosive  residues  on  building  materials  surfaces. 

•  A  method  for  the  detection  of  explosives/explosive  residues  on 
building  materials  surfaces  based  on  the  formulation  of  charge- 
transfer  complexes  between  the  explosives  and  anthracene  applied  to 
the  surface  with  visual  identification  has  been  developed  and 
evaluated  in  the  field.  This  method  offers  the  following  advantages: 

(1)  Sensitivity  down  to  concentrations  of  analyte(s)  on 
the  order  of  micrograms  per  square  centimeter  of 
surface ; 

(2)  Speed; 

(3)  Manageable  hazard  during  and  subsequent  to  use  as 
compared  to  similar  spot  test  methods;  and 

(4)  Reversibility :  the  charge-transfer  complexes  formed 
in  this  application  can  be  destroyed  relatively  easily 
leaving  the  original  analyte  intact  and  available  for 
subsequent  quantitative  testing. 

Field  evaluations  performed  at  two  Amy  Ammunition  Plants  confirm 
that  this  method  is,  in  fact,  capable  of  detecting  explosives 
contamination  under  field  conditions,  and  that  the  presence  of  dirt 
and  debris  of  the  type  under  such  conditions  apparently  does  not 
result  in  false  positive  findings. 

•  Methods  for  the  determination  of  explosives/explosive  residues  on 
building  materials  surfaces  based  on  solvent  extraction  using 
ultrasonic  agitation  and  analysis  by  high  pressure  liquid  chromato¬ 
graphy  have  been  developed  and  evaluated  in  the  laboratory.  For 
the  majority  of  analyte-surface  combinations  studied,  analyte 
recoveries  of  60-95X  and  detection  limits  on  the  order  of  micrograms 
per  square  centimeter  of  surface  were  obtained. 

•  The  theoretical  and  practical  feasibility  of  a  method  for  the 
detection  of  explosives/explosive  residues  on  building  materials 
surfaces  based  on  UV  irradiation  with  subsequent  detection  has 
been  demonstrated.  This  approach  may  provide  the  means  for 
"scanning"  of  an  area  on  a  real-time  basis  to  determine  whether 
explosives  are  present.  Furcher  development  of  this  approach  is 
recommended . 
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